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BACKGROUND OF THE INVENTION

1
. Field of the Invention:

The present invention relates to a magnetoresistance effect device, and also relates to a maanetic heada nnemory device, and an amplifying device using such a magnetoresistance effect device.

2. Description of the Related Art:

,h.rlr^"^T^^'??
(hereinafter referred to as an MR sensor) and a magnetoresistive head(herenafter referred to as an MR head) using a magnetoresistance effect device have been under

S^ThLI H
f^-^^gnetoresistance effect element" indicates a device which varies an electric

res,s ance depending on the magnetic field externally applied. The characteristic of the magnetoresistance

2 MR T.^^HT '-
'^"^^^"'^ ^ °' -^^-^S^ 01 magnetoresistance (hereinafter abbreviated asan MR ratio). The MR ratio is defined by the following equation:

MR ratio (%) = (R(maximum) - R(minimum)) / R(minimum) x 100,

where R(maximum) and R(minimum) denote the maximum value and the minimum value of the resistance
of the magnetoresistance effect device when a magnetic field is applied to the magnetoresistance effect
device. Conventionally, as a material for a magnetoresistance effect device, a permalloy of Nio.gFeo^ ismainly used as the magnetic body. In the case of such magnetoresistance effect materials, the MR ratio Is
about 2.5%. In order to develop an MR sensor and an MR head with higher sensitivity, a magnetoresistive
device exhibiting a higher MR ratio Is required. It was recently found that [Fe/Cr] and [Co/Ru] artificial
multilayers ,n which anti-ferromagnetic coupling is attained via a metal non-magnetic thin film such as Crand Ru exhibit a giant magnetoresistance (GMR) effect in a ferromagnetic field (1 to 10 kOe) (see Physical
Review Letter Vol. 61, p. 2472. 1988; and Physical Review Letter Vol. 64, p. 2304, 1990). However these
artificial multilayers require a magnetic field of several kllooersteds to several tens of kOe in order to attain
a large MR change, so that such artificial multilayers cannot be practically used for a magnetic head and

30 the like.

It was also found that an [Ni-Fe/Cu/Co] artificial multilayer using magnetic thin films of Ni-Fe and Co
having different coercive forces In which they are separated by a metal non-magnetic thin film of Cu and
are not magnetically coupled exhibits a GMR effect, and an artificial multilayer which has an MR ratio of 8%
when a magnetic field of 0.5 kOe is applied at room temperature has been hitherto obtained (see Joumal of

35 Physical Society of Japan, Vol. 59, p. 3061. 1990). However, as is seen from the typical MR curve of this
type of artificial multilayer shown in Figure 11. a magnetic field of about 100 Oe is required for attaining a
large MR change. Moreover, the MR asymmetrically varies from the negative magnetic field to the positive
magnetic field, i.e., the MR exhibits poor linearity. That is, such an artificial multilayer has characteristics
which are difficult to use in practice.

40 Also, it was found that [Ni-Fe-Co/Cu/Co] and [Ni-Fe-Co/Cu] artificial multilayers using magnetic thin
films of Ni-Fe-Co and Co in which RKKY-type anti-ferromagnetic coupling is attained via Cu exhibit a GMR
effect, and an artificial multilayer which has an MR ratio of about 15% when a magnetic field of 0.5 kOe is
applied at room temperature has been hitherto obtained (see Technical Report by THE INSTITUTE OF
ELECTRONICS, INFORMATION AND COMMUNICATION ENGINEERS of Japan. MR91-9) As is seen from

45 the typical MR curve of this type of artificial multilayer shown in Figure 12, the MR substantially linearly
varies from zero to the positive magnetic field, so that the film has characteristics which are sufficient for
the application to an MR sensor. However, in order to get a large MR change, a magnetic field of about 50
Oe IS required. Such a characteristic of the film is not appropriate for the application to an MR magnetic
head which is required to be operated at most at 20 Oe and preferably less,

50 As a film which can be operated in a very weak magnetic field to be applied, a spin-valve type film in
which Fe-Mn as an anti-ferromagnetic material is attached to Ni-Fe/Cu/Ni-Fe has been proposed (see
Journal of Magnetism and Magnetic Materials 93, p. 101, 1991). As is seen from the typical MR curve of
this type shown in Figure 13. the operating magnetic field is actually weak, and a good linearity is observed
However, the MR ratio is as small as about 2%, and the Fe-Mn film has a poor corrosion resistance. The

55 Fe-Mn film has a low Neel temperature, so that the device characteristics disadvantageously have great
temperature dependence.

On the other hand, as a memory device using a magnetoresistance effect, a memory device using a
conductor portion (sense lines) made of Ni-Fe(-Co)/TaN/Ni-Fe(-Co) in which Ni-Fe or Ni-Fe-Co as a

2
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conventional MR (magnetoresistance effect) nnaterial is lanninated via TaN has been proposed (see U.S. P.
No. 4,754.431. and IEEE Trans, Magn. Vol. 27, No. 6. 1991, pp. 5520-5522). Such a memory device utilizes

the conventional material as an MR material, so that the MR ratio is 2% to 3%. Thus, the memory device
has disadvantages in that the output during the information read-out is weak, and it is inherently difficult to

5 perform nondestructive read-out.

SUMMARY OF THE INVENTION

The magnetoresistance effect device of this invention, includes a substrate; and a multilayer structure
10 formed on the substrate, the multilayer structure including a hard magnetic film, a soft magnetic film, and a

non-magnetic metal film for separating the hard magnetic film from the soft magnetic film, wherein a
magnetization curve of the hard magnetic film has a good square feature, and a direction of a magnetization
easy axis of the hard magnetic film substantially agrees to a direction of a magnetic field to be detected.

In one embodiment of the invention, the multilayer structure has a structure in which the hard magnetic
75 film, the soft magnetic film, and the non-magnetic metal film are stacked a plurality of times.

In another embodiment of the invention, a further magnetic film is inserted on both faces or on one face
of the hard magnetic film, a thickness of the magnetic film is in the range of 0.1 to 2 nm, and the magnetic
film includes at least one element selected from Co, Ni. and Fe as a main component.

In still another embodiment of the invention, the multilayer structure has a structure in which the hard
20 magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted magnetic film are

stacked a plurality of times.

In still another embodiment of the invention, a further magnetic film is inserted at, at least one of
interfaces between the hard magnetic film and the non-magnetic metal film and between the soft magnetic
film and the non-magnetic metal film, a thickness of the magnetic film is in the range of 0.1 to 1 nm, and

25 the magnetic film includes Co as a main component.
In still another embodiment of the invention, the multilayer structure has a structure in which the hard

magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted magnetic film are
stacked a plurality of times.

In still another embodiment of the invention, the soft magnetic film includes NixCoyFez as a main
30 component, and in an atomic composition ratio. X is in the range of 0.6 to 0.9. Y is in the range of 0 to 0.4,

and 2 is in the range of 0 to 0.3.

In still another embodiment of the invention, the soft magnetic film includes NixCoy Fer as a main
component, and in an atomic composition ratio, X' is in the range of 0 to 0.4. Y' is in the range of 0.2 to
0.95, and 2' is in the range of 0 to 0.5.

35 In still another embodiment of the invention, the soft magnetic film is an amorphous magnetic film.
In still another embodiment of the invention, the non-magnetic metal film is made of a material selected

from Cu. Ag. and Au.

In still another embodiment of the invention, the non-magnetic metal film is made of Cu.
In still another embodiment of the invention, the non-magnetic metal film has a thickness in the range of

40 1 nm to 10 nm.
In still another embodiment of the invention, the hard magnetic film includes Co and M as main

components, M representing Pt or two or more kinds of elements selected from a group consisting of Pt
Cr. and Ta.

In still another embodiment of the invention, the hard magnetic film is made of a material of CoPt
45 In still another embodiment of the invention, the soft magnetic film includes NixFei-x or (NixCoi x)-

xFei-x as a main component, the hard magnetic film includes CoyFei-v as a main component, and in an
atomic composition ratio. X is in the range of 0.6 to 1.0. X' is in the range of 0,7 to 1.0 and Y is In the
range of 0.3 to 0.7.

In still another embodiment of the invention, the non-magnetic metal film is made of a material selected
50 from Cu, Ag, and Au.

In still another embodiment of the invention, the soft magnetic film includes NixFe, x or (NixCo, x)-
x Fe,.x- as a main component, the hard magnetic film includes (CozFe,-z)2 Vi-z- as a main component, and
in an atomic composition ratio. X is in the range of 0.6 to 1.0. X' is in the range of 0.7 to 1 0 2 is in the
range of 0.3 to 0.7. and 2' is in the range of 0.9 to 0.98.

55 In still another embodiment of the invention, the non-magnetic metal film is made of a material selected
from Cu. Ag. and Au.

In still another embodiment of the invention, in the multilayer structure formed on the substrate, the
hard magnetic film is mainly made of Co. CoPt. or CoFe. the soft magnetic film mainly made of NiFe or
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NiFeCo. and the non-magnetic metal film is mainly made of r,, »nH h
multilayer structure is formed epitaxially on the substrTte surh m t nnnf.^ °' ^ *° ^^e
the multilayer structure is in a direction vertVa^to a ,11^^

film composing

s ^'TsraLt~r

f

'v^r-^^-^^"^^

'

muitnayerstructu^err:^^:^:^^^^^^^^^^^

.ard'~r rcrs^o;-rf~^ - -—

-

.ic.nes3 0f 0., to0.4LTnsredinT^^^^^^^^^^ made of .g or Au hali^a

substratTL^JaTa^noTrc^^^^^^^^ '""r^^
^^^-^ '--d ep.taxially on the

mulyr3=^^^^^^^^^^ -gle crystalline substrate, the

at .e~~rm^°^^^ iTLTn^^made of .Pe or ..Co,
^0 with a - non-magnetic metal film interpred^SlSZ^^ T '^"^^ °' ' »° slacked

Of Co, CoPt, or CoFe, the hard matne^ic nl anf̂ ^^^ '"^^ '^'^"""'^ "'"^ -^'"'V -«da
non-magnetic metal film -nterposed th^ebelwer '^^a"^"^ are stacked with the

magnetic films is composed of a°;;;j; in̂ ::ro?S' thrnon''" 'T^"
^"^^

consecutive soft magnetic films and the hard mZlJ^^,^
no"-magnetic metal film between the

an Ag or Au film inserted therein
^ ' " " °' ' mainly made of Cu with

sublt::u:nhta'(Too7rr:Sion^ ''^ "^-""^-^ - ^--c. epitaxial, on the

30 to a film plane of thl eacJ^ and a mio^et'cTe^?".' I
' -tical

direction of the non-magnetic ml, tHm ^ '° substantially a [Oil]

nm are consecu i^e y sfacked n^^^^^^^
" '"""^ " '"''^'^"^^^ '^^ ---9- °f ' to 10

consecutive soft mine ic fi ms ^d the cZlT f ^ T^' '"'"^'^'^'^ therebetween, wherein the

non-magnetic metal STnterp sed' e^be^^^^^^^^ I'T -'^'^

the soft magnetic film and the hard magnelTm^riarLr^
non-magnetic metal film between

" 'Tstr T^^""^ -^^"^''^ or'^e^JnTcr^^^^^^^^^

substrate such that a f 1001 dirprtinn nf «n/^h fiirv, ^
numiayer structure is formed epitaxially on the

to a film Plane of the eac^ fTrl an^^
direction oMhe non-magne^c m^Mnrn ^ ^ '^^^^^ *° ^^^^^'^^ substantially a [Oil]

55 magnetic film; and a yoke for quidina a sional mannJi^, !L f ^ magnetic film from the soft

fi-m, Wherein a magnetization H^^thX d m^c1 m h^^^ ''T"'
'° '"^^netic

a magnetization easy axis of the hard maSe^ filrn^ hc^^^^^
square feature, and a direction of

magnetic field guided by the yoke
^ substantially agrees to a direction of the signal
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In one embodinnent of the invention, the multilayer structure has a structure in which the hard magnetic

film, the soft magnetic film, and the non-magnetic metal film are stacked a plurality of times.

In another embodiment of the invention, a further magnetic film is inserted at. at least one of interfaces

between the hard magnetic film and the non-magnetic metal film and between the soft magnetic film and

the non-magnetic metal film, a thickness of the magnetic film is in the range of 0.1 to 1 nm, and the

magnetic film includes at least one element selected from Co, Ni. and Fe as a main component.

In still another embodiment of the invention, the multilayer structure has a structure in which the hard

magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted magnetic film are

stacked a plurality of times.

0 In still another embodiment of the invention, a further magnetic film is inserted on both faces or on one

face of the hard magnetic film, a thickness of the magnetic film is in the range of 0.1 to 1 nm, and the

magnetic film includes Co as a main component.

In still another embodiment of the invention, the multilayer structure has a structure in which the hard

magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted magnetic film are

5 stacked a plurality of times.

In still another embodiment of the invention, the soft magnetic film includes NixCoyFez as a main

component, and in an atomic composition ratio, X is in the range of 0.6 to 0.9, Y is in the range of 0 to 0.4,

and Z is in the range of 0 to 0.3.

In still another embodiment of the invention, the soft magnetic film includes NixCoyFez- as a main

20 component, and in an atomic composition ratio, X' is in the range of 0 to 0.4, Y* is in the range of 0.2 to

0.95, and Z' is in the range of 0 to 0.5.

In still another embodiment of the invention, the soft magnetic film is an amorphous magnetic film.

In still another embodiment of the invention, the non-magnetic metal film Is made of a material selected

from Cu, Ag, and Au.

26 In still another embodiment of the invention, the non-magnetic metal film is made of Cu.

In still another embodiment of the invention, the non-magnetic metal film has a thickness In the range of

1 nm to 10 nm.

In still another embodiment of the Invention, the hard magnetic film includes Co and M as main

components, M representing Pt or two or more kinds of elements selected from a group consisting of Pt,

30 Cr. and Ta.

In still another embodiment of the invention, the hard magnetic film is made of a material of CoPt.

In still another embodiment of the invention, the soft magnetic film includes NixFoi-x or (NixCoi-x)-

x-Foi-x- as a main component, the hard magnetic film includes CoyFei-y as a main component, and in an

atomic composition ratio. X is in the range of 0.6 to 1.0, X' Is In the range of 0.7 to 1.0, and Y Is in the

35 range of 0.3 to 0.7.

In still another embodiment of the invention, the non-magnetic metal film Is made of a material selected

from Cu, Ag, and Au.

In still another embodiment of the invention, the soft magnetic film includes NixFei-x or (NixCoi_x)-

x'Fei-x- as a main component, the hard magnetic film includes (CozFei-z)z Vi-2- as a main component, and

40 in an atomic composition ratio. X is in the range of 0.6 to 1.0, X' is in the range of 0.7 to 1.0. Z Is in the

range of 0.3 to 0.7, and Z' is in the range of 0.9 to 0,98.

In still another embodiment of the Invention, the non-magnetic metal film is made of a material selected

from Cu, Ag, and Au.

In still another embodiment of the invention, the hard magnetic film is mainly made of Co, CoPt, or

45 CoFe, the soft magnetic film mainly made of NiFe or NiFeCo, and the non-magnetic metal film is mainly

made of Cu and has a thickness of 2 to 10 nm, each of the films Is formed epitaxially on a substrate such

that a [100] direction of the each film is in a direction vertical to a film plane of the each film, and a

direction of the signal magnetic field is substantially a [Oil] direction of the non-magnetic metal film.

In still another embodiment of the invention, a square ratio of the hard magnetic film is 0.7 or more.

50 In still another embodiment of the invention, a direction of a current flowing through the multilayer

structure is substantially perpendicular to a film surface of the multilayer structure.

According to still another aspect of the invention, a nonvolatile memory device includes: a mag-
netoresistlve change portion including a first magnetic film, a second magnetic film, and a non-magnellc
metal film for separating the first magnetic film from the second magnetic film; and conductive lines for

55 allowing a first current for recording information and a second current for reading-out information to produce
therethrough, magnetic fields which are respectively produced by the first current and the second current

affecting the magnetoresistive change portion, wherein a magnetization curve of the first magnetic film has

a good square feature, the first magnetic film having a coercive force capable of inverting a magnetization

5
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of the first magnetic film by the magnetic field produced by the first current but inr=.r.oK.. f
• .

..
magnetization of the first magnetic film by the maonetic fJ^ ZZ J^Z L '"'^^P^'^'® inverting the

magnetic film having a coercL force caoaNe o^nve^nn J
^"^''^^^.''^ second current, the second

current flowing through the conductor lines.
^ * ^""^ ^^^^""^

In still another embodiment of the invention, the second magnetic film includes Ni Cn .

In still another embodiment of the invention, the second magnetic film includes Ni Co Fa =.

fsiL—oTr- ^' - °' ° o.::t- tt^hrr^geTo-

In 211 ^nolh"'
^"^bodjment of the invention, the second magnetic film is an amorphous magnetic film

from Cu Arand^r "'"^ °' 9-«<^ is made of a material ^^t^ed
In still another embodiment of the invention, the non-magnetic metal film is made of Cu

1 nm to lo'nm
°' '""^ "on-agnetic metal film has a thickness in the range of

rnmnon*'". ^"m^^'
embodiment of the invention, the first magnetic film includes Co and M as main

Cr. andTa
"^^"'^"^'"^ °' °^ "^-^ ^'"^^ °' «'---nts selected from a group consisting oTpt

In !nl
embodiment of the invention, the first magnetic film is a semi-hard magnetic film

45 Fe
embodiment of the invention, the second magnetic film includes Ni.Fe, x or Ni'xCo, x)-45 xFe,-x- as a mam component, the first magnetic film includes CoyFe-v as a main component and ^n an

rangTofTsTS" '
'^"^^ °' ' ' *° ' ^' ^ ^7 tSTo. ^n'S yTs'irth:

from'Vu!"Ag"and Ar''"''''^^"'

°' "^"-'^^^netic metal film is made of a material selected

'°
Fo'"

embodiment of the invention, the second magnetic film includes NixFe,-x or (NixCo, x)-xFe,-x- as a mam component, the first magnetic film includes (CozFe.-z)^^,.^, as a main component andm an atomic composition ratio. X is in the range of 0.6 to 1.0. X' is in the ange of 0.7 to 1 0 Z is n t^erange of 0.3 to 0.7. and Z' is in the range of 0.9 to 0 98
9 " lo i .u, z is m the

55 from'Vu! A^and Ar''°'''"'^"*
°' non-magne.,c metal film is made of a material selected

In still another embodiment of the invention, the first magnetic film ,s mainly made of Co. CoR or

mS'^ r'^''°w k""^^"!'"^
"""""'^ ^^""^ °' °^ '"^^ non-magnetic metal film is mainlymade of Cu and has a thickness of 2 to 10 nm. each of the films is formed epitaxially on a substrate JlcJ

6
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that a [100] direction of the each film is in a direction vertical to a film plane of the each film, and a
direction of the magnetic field produced by the first current is substantially a [Oil] direction of the non-
magnetic metal film.

In still another embodiment of the invention, a square ratio of the first magnetic film is 0.7 or more.

5 According to still another aspect of the invention, an amplifying device includes: a magnetoresistive

change portion including a first magnetic film, a second magnetic film, and a non-magnetic metal film for

separating the first magnetic film from the second magnetic film; and conductive lines for allowing a signal

current to flow therethrough, a magnetic field which is produced by the signal current affecting the

magnetoresistive change portion, wherein a magnetization curve of the first magnetic film has a good
10 square feature, the first magnetic film having a coercive force incapable of inverting a magnetization of the

first magnetic film by the magnetic field produced by the signal current, the second magnetic film having a
coercive force capable of inverting a magnetization of the second magnetic film by the magnetic field

produced by the signal current.

In one embodiment of the invention, the magnetoresistive change portion has a structure in which the
/5 first magnetic film, the second magnetic film, and the non-magnetic metal film are stacked a plurality of

times.

In another embodiment of the invention, a further magnetic film Is inserted on both faces or on one face
of the first magnetic film, a thickness of the magnetic film is in the range of 0.1 to 2 nm, and the magnetic
film includes at least one element selected from Co, Ni, and Fe as a main component.

20 In still another embodiment of the invention, the magnetoresistive change portion has a structure in

which the first magnetic film, the second magnetic film, the non-magnetic metal film, and the inserted
magnetic film are stacked a plurality of times.

In still another embodiment of the invention, a further magnetic film is inserted at, at least one of
interfaces between the first magnetic film and the non-magnetic metal film and between the second

25 magnetic film and the non-magnetic metal film, a thickness of the magnetic film is in the range of 0.1 to 1

nm, and the magnetic film includes Co as a main component.
In still another embodiment of the invention, the magnetoresistive change portion has a structure in

which the first magnetic film, the second magnetic film, the non-magnetic metal film, and the inserted
magnetic film are stacked a plurality of times.

30 In still another embodiment of the invention, the second magnetic film includes NixCoyFez as a main
component, and in an atomic composition ratio, X is in the range of 0.6 to 0.9. Y is in the range of 0 to 0.4,
and Z is in the range of 0 to 0.3.

In still another embodiment of the invention, the second magnetic film includes Nix Coy Fez- as a main
component, and in an atomic composition ratio, X* is in the range of 0 to 0,4, Y' is in the range of 0.2 to

35 0.95, and Z' is in the range of 0 to 0.5.

In still another embodiment of the invention, the second magnetic film is an amorphous magnetic film.

In still another embodiment of the invention, the non-magnetic metal film is made of a material selected
from Cu. Ag, and Au.

In still another embodiment of the invention, the non-magnetic metal film is made of Cu.
40 In still another embodiment of the invention, the non-magnetic metal film has a thickness in the range of

1 nm to 10 nm.
In still another embodiment of the invention, the first magnetic film is a hard magnetic film.

In still another embodiment of the invention, the first magnetic film includes Co and M as main
components, M representing Pt or two or more kinds of elements selected from a group consisting of Pt,

45 Cr, and Ta.

In still another embodiment of the invention, the second magnetic film includes NixFoi-x or (NixCoi-x)-
xFe,-x< as a main component, the first magnetic film includes CoyFoi-y as a main component, and in an
atomic composition ratio, X is in the range of 0.6 to 1.0. X' is in the range of 0.7 to 1.0. and Y is in the
range of 0.3 to 0.7.

50 In still another embodiment of the invention, the non-magnetic metal film is made of a material selected
from Cu, Ag, and Au.

In still another embodiment of the invention, the second magnetic film includes NixFe,-x or (NixCoi-x)-
xFei-x- as a main component, the first magnetic film includes {CozFe,-2)z V,-2' main component, and in an
atomic composition ratio. X is in the range of 0.6 to 1.0, X' is in the range of 0.7 to 1.0. Z is in the range of

55 0.3 to 0.7. and Z" is in the range of 0.9 to 0.98.

In still another embodiment of the invention, the non-magnetic metal film is made of a material selected
from Cu, Ag, and Au.

7
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mamly made of Cu and has a thickness of 2 to 10 LTach of ,hl n .

"on-rnagnetic metal film is

such that a [100] direCion of the each film i in aTrecSn leTcalToVTT "'"^""^ °" ^

'

ITa^r-"^ — the Signal^r?JJSant!:; f^T, ^'

magnetoresistive dev,ce and a magnetreS ^ tJof ^
°' '"^'"'"^ ^ high-sens„ive

0 field, and which exhibit a relatively large MR "atfo aS /.TL^ ? ""^'"''^ ^ "^^'< '"^Qnetic

BRIEF DESCRIPTION OF THE DRAWINGS

to the -nTeL^n. Pigu!e 1A sh::: ZlZZlZT''^'''.
°' -gnetoresistance effect devices according

according to .he irenLl^Rg:r2Lt:;ie°« of magnetoresis.ance effect devices
device, and Figure 2B shows the construcTon of a staS magnetoresistance effect

Figure 3 is a view showina th^ rnnT * f
^^P® "^agnetoresistance effect device,

invention.
'"^ construcfon of a magnetoresistance effect type head according to the

the inr^'n. '
"''^

°' ^—^ ^-ice and an amplifying device according to

valurTn^L'aL^rrgn^^^^ °' ^ ^^'^ ^^'^ --^'e of recording multi-

invent"
"'^^^^-"^ °P-«on Of a memory device according to the

r^ultrXe -nf:!;^^^ a memory device capable of recording

invenSr '"^""^ '""^^^^^'"9 the operation o, an amplifying device according to the

magnSorcurve'of Thard^maTnelS fUmTlr*': "''"T^. ^'^"^ '-'-^ °' ''^e

netoresistance effect device of L'nvemion ^ ^"'^ ^" "^^— °' ^ -ag-

tNiPe'SSu^^oP^^^^^^^^^^^ Z ^entir
°' ^ '^-^ device having a structure of

fil.rEg"if;:;enfcrrcttr^^^^^
^" [NiPe/Cu/Co/Cu] artificial multilayer using magnetic

artifiX'ullver^fXo?::.'"' " '""^ °' ^" anti-ferromagnetic coupling type [NiFeCo/Cu/Co/Cu]

ferroma;:etlc^I\f;phof:;'"' " °' ^" [NiPe/Cu/NiFe/FeMn] spin valve film using an anti-

accordin'to the' invenSoV'^""'
°' ^ magnetoresistive changing portion of a memory device

devic?aSrdfng tTL'l'venln"'""'
^'^^'^'^'^^ °' -"^-^ a memory

align^rdirlct-fntrr^lTe^rCr^^^^^^ and the spin

present invention.
^Tiagneioresistance effect device according to the

accopr sit?r:,,™r^sr„~irrr,"
^^-^^ ""^ -

Figure 18 is a graph showina the variatinn m an mq
according to the present invention.

.a,.,. .^ ^ ,„ , „r.tr.r,::„s :":r:^„:^r °'
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Figure 19 is a graph showing the relationship between the magnetic field H and the resistance variation

ratio AR/R in a magnetoreslstance effect device according to the present invention.

Figures 20A and 20B are views showing the input/output characteristics of a memory device according
to the present invention.

5 Figure 21 is a sectional view of a magnetoresi stance effect device according to the present invention.
Figure 22 is a sectional view of another magnetoresistance effect device according to the present

invention.

Figure 23 is a sectional view of still another magnetoresistance effect device according to the present
invention.

10 Figure 24 is a sectional view of still another magnetoresistance effect device according to the present
invention.

Figure 25 is a structural view of a memory device/an amplifier including a multilayer device portion.
Figure 26 is a graph showing the MR curves of an Si(100)/Cu(5)/NiFe(10)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co-

(10) device of the present invention.

75 Figures 27A and 27B are graphs showing the MR curves of a device A9 of the present invention and a
glass/Cr(5)/[Co(3)/Cu(6)/NiFe(3)/Cu(6)ro device as a comparative example.

Figures 28A through 28D are graphs showing the MR curves of a device B9 of the present invention
where x is 0, 0.1. 0,2. and 0.4, respectively.

Figure 29 shows a structure for a magnetic head according to the present invention.
20

50

55

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a hard-film spin valve and a magnetoresistance effect device using
muftilayered hard-film spin valves . Unlike a conventional spin valve using an anti-ferromagnetic film of a

25 conventional material such as Fe-Mn, in the hard-film spin valve of the invention, a unidirectionally
magnetized hard magnetic film performs similar functions to the anti-ferromagnetic film.

Figure 1A shows the construction of a magnetoresistance effect device of the invention. The mag-
netoresistance effect device includes a substrate 7 and a multilayer structure formed on the substrate 7.
The multilayer structure includes a hard magnetic film 1. a non-magnetic metal film 2. and a soft magnetic

30 film 3. In this specification, a device portion having such a multilayer structure is referred to as a
magnetoresistive device portion. The magnetization curve of the hard magnetic film 1 has a good square
feature, and hence the magnetization of the hard magnetic film 1 is not inverted in a weak magnetic field.
The hard magnetic film 1 is formed so that the direction of the magnetization easy axis of the hard
magnetic film 1 is substantially equal to the direction of the magnetic field to be detected. The "direction of

35 the magnetic field to be detected" is typically identical with the direction of the signal magnetic field applied
to the magnetoresistance effect device. However, in exceptional cases, the direction of the magnetic field to
be detected may be different from the direction of the signal magnetic field to be applied to the
magnetoresistance effect device. For example, the case where the direction of the signal magnetic field
which IS externally entered Is bent by an L-shaped yoke is one of the exceptional cases. The non-magnetic

40 metal film 2 is provided between the hard magnetic film 1 and the soft magnetic film 3 in order to reduce
the force of the magnetic coupling between the hard magnetic film 1 and the soft magnetic film 3 The
magnetization of the soft magnetic film 3 can be easily inverted in a weak magnetic field. The soft magnetic
film 3 IS isolated from the magnetic coupling to the hard magnetic film 1 by the non-magnetic metal film 2

In this specification, a magnetic film having a coercive force of 20 Oe or more is referred to as "a hard
45 magnetic film", and a magnetic film having a coercive force less than 20 Oe is referred to as "a soft

magnetic film", in addition, a hard magnetic film having a coercive force smaller than lOO Oe is referred to
as "a semi-hard magnetic film". The value of a coercive force used in this specification is a value obtained
by measunng with an AC of a relatively low frequency range (e.g.. 60Hz).

In the case where the hard magnetic film 1 is unidirectionally magnetized by using a ferromagnetic
field, when a weak signal magnetic field having a direction opposite to the direction in which the hard
magnetic film 1 is magnetized, is applied to the magnetoresistance effect device, the magnetization of the
hard magnetic film 1 is not inverted, but the magnetization of the soft magnetic film 3 is inverted into the
direction of the signal magnetic field. As a result, the magnetization direction of the hard magnetic film 1 is
anti-parallel to the magnetization direction of the soft magnetic film 3. When the magnetization direction of
he hard magnetic film 1 is anti-parallel to that of the soft magnetic film 3. the electrons in a current flowing
through the magnetoresistance effect device is subjected to magnetic scattering at interfaces between the
hard niagnetic film 1 and the non-magnetic metal film 2. and between the non-magnetic metal film 2 and
the soft magnetic film 3. As a result, the resistance of the magnetoresistance effect element is increased

9
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th^e !::r:Z:S^^^^^^
^---^ the sa.e direction as the direction in which

direction of The hard magnetC 1 fs oara^efl^^^^^^^^^^
-magnetization

mentioned magnetic scaL' g sTeduced sTthlt h. r^ ? '
TT'''' ^ ^^ove-

lowered. On the basis of the aboveSscrSe^or n^r'T^^ °' magnetoresistance effect device is

e.ec.ic resistance depending:ntera:g^^^^^^^^^^^^ ^-ce varies its

hard magnetic film 1 / the non-magnetic meta^i^ 2 / InH ?h «
""'^ "'^'''^ ' °' ^'^^

stacked a plurality of times via the'noLagnl "^^^^^ 11^^!'". "
f^""[the hard magnetic film 1 / the non-maqnetic meTat n m 2 / th ,f

''"'"''"'^ " ^^P^^^^^t^d by
metal film 2]^ (N indicates the numb^rTrlLT . ^ ^ magnetic film 3 / the non-magnetic

scattenng aJ tie .tSsttrer p'S^tlfmV^^^^^^^^^

a stacked structure^ the magnet,
magnetoresistance effect device havino a iam«, mo T ' ,

'"*^'®ased. Thus, it is possible to obtain a

direction perpendicularto thT film fece ofZ^ m^ .
' "^"^^^"^ ""^^'^^ a

structure forrned by using a litSoqranhv tZlZ^ TZ I
"'^''^ "^^^'"^ ^"'^'^ a stacked

between the respective 2s i SeriLSsertr T •

"'"^"^'^ '^^"^^'"^ ^'^^ '"t^^aces

effect device having a m^h larger MR ^r '' ' " '° ^'^^^'^ ^ magnetoresistance

subs^rzii^eV^'fe^ rr '^'^ ^^^^ ^^^^^^'-^ ^
nonmagnetic substrate rNrPa f lm 7 1 with h S ''"^ ^^^^ as CoNbZr or the like formed on a

insulating ,i,m .2. A ma^relSi/e ^e^i^eXl^^^^^^^^^^^
-

i^^gur^rr rnl^sSgirrr' ^""-^ of^hV"es^tL^e;^^^^^^^^^^^^^

magnetoresistive device portion. Alternatively, in order to make at least the ^tt Jl ! T, \ '

includl^!
*
'"""T

""^ construction of a memory device according to the invention. The memory devicemcludes a magnetcresishve change portion 11 and a conductor line 5 for allowing a currentTo low tSconductor „ne 5 is disposed in the vicinity of the magnetoresistive change poZ 11 so ha" tJe maonlticf.eld produced by the current flowing through the conductor line 5 affects the maqnetoriis^L chl^^PC.rt.on 11. The magnetoresistive change portion 11 is insulated from the condurretb/rLuSng

soft «'"!r3' The r^^^^^^^^ T'" '"T'' ' "'^""^'^ '—agnetic metal film 2, and asott magnetic Im 3 The magnetization curve of the magnetic film 1' exhibits a good square feature so thatthe magnetization of the magnetic film V is not inverted in a weak magnetic fi^d. The non-magnetic^l^^^^^Im 2 IS provided between the magnetic film V and the soft magnetic film 3 in order to reducT ^e mag^e ic

rgtl Z3 ct?:ea', h''"
-agnelzat^r of thHSmagnetic film 3 can be eas.ly inverted even in a weak magnetic field. The soft magnetic film 3 is isolatedfrom the magnetic coupling :o the magnetic film V by the non-magnetic metal film IThe magnetic film V has a coercive force which is larger than that of the soft magnetic film 3

fTj^^Tr^
tt^- magnetic film V is required to have a coercive force smaller than thrm^irrmlgnetfcfield produced by the current flowing through the conductor line 5. so that the magnetization Sn Sinverted by the magnetic field produced by the conductor line 5. The purpose forThe reSut^nent is torepresent the information to be stored in the memory device in accordance the dlrT^ton o themagnetization of the magnetic film r. Once the magnetic film V is magnetized by" LgnetlHe d whicf^ iJ

.Wte'Jbv'a marrr^H^T h
"'^"^^'^

^" ^^^netizaL of the mSglSm v c^n^^^^^^^^inverted by a magnetic field which is smaller than the coercive force of the magnetic film V.
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Hereinafter, the operation of a memory device according to the invention will be described.

The magnetoresistive change portion 11 can be constituted so as to include a structure in which the

structure of [the magnetic film 1' / the non-magnetic metal film 2 / the soft magnetic film 3] shown in Figure

4 is stacked a plurality of times via the non-magnetic metal film 2. In such a case, it is possible to obtain a

5 memory device having a larger MR ratio.

In the case where information Is to be stored in a memory device, a current for storing information is

caused to flow through the conductor line 5. By a magnetic field produced by the current for storing

information, the magnetization of the magnetic film 1' and the magnetization of the magnetic film 3 are

inverted. In the magnetic film 1', information is stored in accordance with the direction of the magnetization

10 of the magnetic film 1\ For example, in the case where the direction of the magnetization of the magnetic

film V is indicated by the right-pointing arrow shown in Figure 6A, the information to be stored is "1". In the

case where the direction of the magnetization of the magnetic film 1' is indicated by the left-pointing arrow

shown in Figure 6A, the information to be stored is "0".

In order to read-out information from the memory device, a weak current for reading-out information is

75 used. When a weak magnetic field having a direction opposite to that of the magnetization of the magnetic
film V Is applied to the magnetoresistive change portion 11 by the weak current for reading-out information,

the magnetization of the magnetic film 1' is not inverted, but the magnetization of the soft magnetic film 3 is

inverted into the direction of the weak magnetic field. As a result, the direction of the magnetization of the

magnetic film 1* is anti-parallel to that of the magnetization of the soft magnetic film 3, so that the resistance

20 of the magnetoresistive change portion 11 is increased. On the other hand, when a weak magnetic field

having the same direction as that of the magnetization of the magnetic film 1' is applied to the

magnetoresistive change portion 11 by the weak current for reading-out information, the magnetization of

the magnetic film 1' is not inverted, but the magnetization of the soft magnetic film 3 is inverted into the

direction of the weak magnetic field. As a result, the direction of the magnetization of the magnetic film 1' is

25 parallel to that of the magnetization of the soft magnetic film 3, so that the resistance of the mag-
netoresistive change portion 11 is decreased.

In the case where Information is to be read-out from the memory device, a weak current for reading-out

Information is first caused to flow through the conductor line 5 in a certain direction (initialization by weak
current), and then a weak current for reading-out information is caused to flow through the conductor line 5

30 in a direction opposite to the certain direction (reversal of weak current). For example. Figure 6B shows the
case where a weak current is caused to flow through the conductor line 5 in a direction perpendicular to the
drawing sheet from the back face to the front face thereof (initialization by weak current), and Figure 6C
shows the case where a weak current Is caused to flow through the conductor line 5 in a direction

perpendicular to the drawing sheet from the front face to the back face thereof (reversal of weak current).

35 The information stored in the magnetic film 1' is detected as the change of the resistance of the
magnetoresistive change portion 11. For example, when the information stored in the magnetic body 1' Is

"1", the resistance of the magnetoresistive change portion 11 during the reversal of weak current Is

Increased as compared with the case of the initialization by weak current. When the information stored in

the magnetic body 1' is "0", the resistance of the magnetoresistive change portion 11 during the reversal of

40 weak current is decreased as compared with the case of the Initialization by weak current (see Figure 6D).
In this way. the Information store in the magnetic film 1' can be read-out in a nondestructive manner. The
weak current may be a pulse-type weak current.

Figure 5 shows another construction of a memory device according to the invention. The memory
device shown in Figure 5 has a structure in which a structure of [the magnetic film 1' / the non-magnetic

45 metal film 2 / the soft magnetic film 3] shown in Figure 4 is stacked a plurality of times via the non-
magnetic metal film 2. In addition, the coercive forces of the plurality of magnetic films 1* included in the
stacked structure are different from each other. If the number of magnetic films V in which the
magnetization thereof is not inverted by a predetermined signal magnetic field Is related to a desired value,
multivalue information can be stored In the plurality of magnetic films 1'. In this way, it is possible to obtain

50 a memory device capable of storing multivalue information. For example, such a memory device operates
as shown in Figures 7A to 7C.

The construction of an amplifying device according to the invention is the same as that of the above-
described memory device according to the Invention except for the coercive forces of the magnetic films V.
Therefore, the detailed description thereof is omitted.

55 Next, the operation of the amplifying device according to the invention will be described.
First, the amplifying device is initialized (see Figure 8A). That is, a strong current pulse is caused to

flow through the conductor line 5, the magnetization of the magnetic film 1' is fixed in one direction. The
amplifying device is constituted so that the magnetization easy axis of the magnetic film 1' substantially
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In the case where the stacked-type magnetoresistance effect device as shown in Figures 1B and 2B is

used, it is preferred that the respective thicknesses of the hard magnetic film 1 (or the magnetic film 1'). the

non-magnetic metal film 2, the soft magnetic film 3. and the magnetic film 3' are not so large, considering

the mean free path of electrons. The MR ratio is increased as the stacked number of components is

5 increased. When the components are stacked three times or more, the effect is remarkably observed. When

the components are stacked ten times or more, the effect is substantially saturated. In view of the sheet

resistance, the stacked number of films is desired to be five times or less, except for the cases where a

current is caused to flow in a direction perpendicular to the film face during the operation.

It is necessary that the magnetization curve of the hard magnetic film 1 (or the magnetic film 1') has a

70 good square feature. In this specification , a "good square feature" is defined so that the square ratio S (
=

remnant magnetization / saturation magnetization) is 0.7 or more.

Figures 9A to 9C show the relationships between the square ratio S of the hard magnetic film 1 (or the

magnetic film 1') and the MR curve of the magnetoresistance effect device according to the invention. As is

seen from Figures 9A to SC. when the square ratio S is smaller than 0.7, the MR curve in the vicinity of the

15 zero magnetic field is deteriorated. The deterioration of the MR curve in the vicinity of the zero magnetic

field may deteriorate the reproduction sensitivity and the linearity of the magnetoresistive type head and the

amplifying device, and also a memory device may erroneously operate during the recording and reproduc-

tion due to the erroneous operation of magnetization inversion of the magnetic film 1*. As described above,

it is important that the hard magnetic film 1 (or the magnetic film 1') is unldirectionally magnetized, and

20 hence the magnetic film has such a character that the magnetized state is kept and the magnetization is not

inverted in a weak magnetic field.

In the magnetoresistance effect type head according to the invention, the magnetization of the magnetic

film 1 Is fixed In one direction. Accordingly, the magnetic film 1 is required to be a hard magnetic film

having a large coercive force, and it is desired that the coercive force in the bulk state or in the thick film

25 state of a film of the same composition is 500 Oe or more. In addition, it is desired that the magnetic film 1

has a good corrosion resistance. Examples of the material for the magnetic film 1 Include

Coo.75Pto.25,Coo.84Tao.o2Cro.t4, Coo.78Pto.ioCro.i2. Coo.sFeos. and the like. At present, in view of the coercive

force and the corrosion resistance, CoPt Is the most suitable material. In view of the MR ratio, CoFe is the

most suitable material. The Curie temperatures of these films are sufficiently higher than the Neel

30 temperature of the Fe-Mn film which is used in the conventional spin valve. Thus, the dependence of the

characteristics of these films on temperature can advantageously be reduced.

In the memory device according to the Invention, it is again important that the magnetization curve of

the magnetic film 1' has a good square feature, but the coercive force of the magnetic film 1' is not so

important. During the information recording, it is necessary to invert the magnetization of the magnetic film

35 1* by allowing a current to flow through the conductor line. Accordingly, the magnetic film 1* may
alternatively be a semi-hard magnetic film of Coo.sFeo.s, Co, or the like. The coercive force of the magnetic

film 1* can be adjusted by changing the film thickness. In such an application, the magnetic film 1' may be

a semi-hard magnetic film of Coo.ePto.a or the like having a thickness of 3 nm or less.

In the amplifying device according to the Invention, the magnetization of the magnetic film 1* is fixed In

40 one direction. Accordingly, it is desired that the magnetic film 1' is made of a hard magnetic material having

a large coercive force. However, In practical use, the magnetic film 1* may be made of a semi-hard

magnetic material. This is because the signal current which flows through the conductor line 5 Is very small,

so that the magnetic field produced by the signal current is also very small.

The magnetic film 3 is required to have a soft magnetic property In which the magnetization can easily

45 be inverted by a small magnetic field so that the magnetoresistance can easily be changed. Also, it is

preferred that the soft magnetic film 3 is a film with low magnetostriction. This is because, if a film has high

magnetostriction in practical use, it may often cause a noise, and there occurs a variation in characteristics

among the fabricated devices. In order to satisfy the above-mentioned conditions, it is desired that an Ni-

rlch soft magnetic film having the following material as the main component:
50

NIxCoyFoz (1)

and the atomic composition ratio of the material is:

55 X = 0.6 to 0-9, Y = 0 to 0.4, and Z = 0 to 0.3 (!').

Representative examples of such a material include NIoeFeo.isCooos. Nio.8Feo.iCoo.i, Nlo.68Coo.2Feo.12 and
the like. Alternatively, if a Co-rich soft magnetic film is used, a large change of magnetoresistance can be

13
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NixCoyFez- (2)

5
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conductor portions (white portions in the figure). For exannple, when infornnation is to be stored into a

nnagnetoresistive change portion Mi i , a current is allowed to flow through the word line Wi and the word

line W'l . As a result, infornnation is stored in the nnagnetoresistive change portion Mi i by a synthetic

magnetic field produced by the current flowing through the word line Wi and the word line W'i . When the

5 information stored in the magnetoresistive change portion Mi r is to be reproduced, a pulse current is

allowed to flow through the word line Wi . By detecting the change of resistance of the sense line Si which

is caused by the current flowing through the word line Wi , the information stored in the magnetoresistive

change portion Mi i can be read out.

Hereinafter, the invention will be described by way of specific examples.

10

(Example 1)

By using Nio.68Coo.2Feo.12 (the soft magnetic film 3), Cu (the non-magnetic metal film 2), and Coo.75Pto.25

(the hard magnetic film 1) as targets (the composition ratios are all indicated by atomic %), the sandwich-

75 type magnetoresistive device as shown in Figure 1A and the stacked-type magnetoresistive device as
shown in Figure 1B were fabricated on a substrate by a multi-target sputtering apparatus. The sandwich-

type magnetoresistive device had the following structure:

A : the substrate / CoNiFe (15) / Cu (2.2) / CoPt (10) (parenthesized values indicate the thicknesses (nm)),

and

20 the stacked-type magnetoresistive device had the following structure:

A' : the substrate / [CoNiFe (3) / Cu (2.2) / CoPt (5) / Cu (2.2)p.

The respective film thicknesses were controlled by using a shutter, and CoPt of the hard magnetic film 1

was magnetized. Then, the MR characteristics of the obtained devices were measured at room temperature
in the applied magnetic field of 100 Oe. The MR ratios for the devices having the structures A and A' were

25 4% and 6%, respectively. The widths of the magnetic field in which the MR was varied were 3 Oe and 5

Oe, respectively- From this figure, the following facts are found. As compared with the case where a
magnetic film having different coercive forces is used as shown in Figure 11, the device of the invention

can operate in a very weak magnetic field and the linearity property is improved. As compared with the anti-

ferromagnetic coupling type shown in Figure 12, the operating magnetic field of the device of the invention

30 is small. As compared with the spin valve using the anti-ferromagnetic film shown in Figure 13, the device
of the invention has an Improved MR ratio.

(Example 2)

35 In the same way as that in Example 1. by using Coo.75Pto.25 (the hard magnetic film 1), Coo.7Nio.,Feo.2 -

(the soft magnetic film 3). and Cu (the non-magnetic metal film 2) as targets, the hard magnetic film 1, the

non-magnetic metal film 2, the soft magnetic film 3, and the non-magnetic metal film 2 were sequentially

deposited. Thus, a multilayer film having the following structure was fabricated:

B : the substrate / [NiCoFe (6) / Cu (2.2) / CoPt (5) / Cu (2.2)po.

40 The material of CoPt of the hard magnetic film 1 was magnetized, and then the hard magnetic film 1 was
made to have a columnar shape of 25 um x 25 am by using a lithography technique. Thereafter, the MR
characteristics of the device were measured by a 4-terminal method using lithography. The MR ratio was
18% in the applied magnetic field of 100 Oe. and the width of the magnetic field in which the MR was
varied was 20 Oe.

45

(Example 3)

On a substrate including a ferrite (7-1) and an insulating film (7-2). the hard magnetic film 1, the non-
magnetic metal film 2, and the soft magnetic film 3 were sequentially deposited by a multi-target sputtering

50 apparatus by using Coo.75Pto.25 (the hard magnetic film 1). Cu (the non-magnetic metal film 2), and
Nio.68Coo.2Feo.12 (the soft magnetic film 3) as targets. The material of CoPt of the hard magnetic film 1 was
magnetized. An insulating film 6 and CoNbZr were deposited thereon by using Si02 (the insulating film 6)
and Coo.82Nbo.12Zro.06 (the yoke 4) as targets. The deposited films were patterned by lithography, so as to
produce the yoke portion 4. As a result, magnetoresistance -effect type heads (MR heads) as shown in

55 Figure 3 having the following structures were fabricated:

C :
the substrate / CoPt (15) / Cu (2.2) / NiCoFe (15) / SiO (100) CoNbZr (1000). and

C^ : the substrate / [CoPt (5) / Cu (2.2) / NiCoFe (4) / Cu (2.2) )= Si02 (lOO) / CoNbZr (1000).
As a comparative example, an MR head having a conventional structure in which the conventional materials

15
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Of Nio.8Feo.2 and Coo.82Nbo.,2Zro.o6 were respectively used for the magnetoresistance effect film and theyoke was fabricated. An alternating current signal magnetic field of 100 Oe was applied to both of the
conventional MR head and the MR heads of the invention, so as to compare the reproduction outDuts of the
respective heads. It was found that the MR heads having the structures C and C of the invention could
attain the outputs which were respectively about 1.5 times and 3 times as large as those of the conventionalMR head as the comparative example.

'-unvenuondi

(Example 4)

By using Coo.sPto.s (the magnetic film V), Coo.rNio ,Feo.2 (the soft magnetic film 3), and Cu (the non-magnetic metal film 2) as targets, the hard magnetic film V, the non-magnetic metal film 2, and the softmagnetic film 3 were sequentially deposited. Thus, a magnetoresistive change portion of a sandwich typeas shown in Figure 1A having the following structure was fabricated:
D

: [CoNiFe (10) / Cu (2.2) / CoPt (2)].

Figure 14 shows the MR curve of the magnetoresistive change portion. On the magnetoresistive chanae
portion, an S1O2 insulating film was deposited. Then. AuCr for conductor lines was deposited thereon As a
result, a memory device as shown in Figure 4 was fabricated.

In order to check the operation of the memory device, a current was allowed to flow through the
conductor hne 5 as shown in Figure 6A. so as to unidirectionally magnetize the magnetic film V Then asshown m F.gure 6B, a weak current was allowed to flow through the conductor line 5. so as to align 'the
magnet.2at.0n of the soft magnetic film 3 in one direction. Thereafter, as shown in Figure- 6C the weak
current flowing through the conductor line 5 was reversed, and the change of resistance in the mag-
netoresistive change portion was measured at this time, it was confirmed that the change of resistance was
definitely changed to be plus (increase) or minus (decrease) depending on the magnetized direction

25 recorded in the magnetic film 1', as shown in Figure 6D.

(Example 5)

By using Coo.ysPto ioCro.,2 (the hard magnetic film 1), Nio 8Feo.15Coo.05 (the soft magnetic film 3) and Cu
30 (the non-magnetic metal film 2) as targets, the hard magnetic film 1, the non-magnetic metal film 2. and the

soft magnetic film 3 were sequentially deposited. Thus, a magnetoresistive change portion having the
following structure was fabricated:

E : [CoPtCr (5) / Cu (2.3) / NiFeCo (10)].

Then, an Si02 insulating filnn was deposited on the thus fabricated portion. Then. AuCr for conductor lines
35 was deposited, so as to obtain an amplifying device.

In order to check the amplifying device, as shown in Figure 8A, a large current was allowed to flow
through the conductor line 5, so as to magnetize the hard magnetic film 1 in one direction. Then, an input
alternating voltage was applied to the conductor tine 5 as shown in Figure SB. and a weak current was
allowed to flow, so as to cause the magnetization rotation of the soft magnetic film 3. While a voltage was
being applied to the magnetoresistive change portion, the change of output voltage due to the change of
resistance in the magnetoresistive change portion was measured. It was confirmed that the input voltage
was amplified, as shown in Figure 80.

(Example 6)

By using Nro.68Coo.2Feo.12 (the soft magnetic film 3), Co (the magnetic film 3'). Cu (the non-magnetic
metal film 2), and Coo ysPto 25 (the hard magnetic film 1) as targets (the composition ratios are all indicated
by atomic %), a sandwich-type magnetoresistive device and a stacked-type magnetoresistive device were
fabricated on a substrate by a multi-target sputtering apparatus. The sandwich-type magnetoresistive device

50 had the following structure:

F
:
the substrate / NiCoFe (10) / Co (0.2) / Cu (2) / Co (0.2) / CoPt (3) (parenthesized values indicate the

thicknesses (nm)), and
the stacked-type magnetoresistive device had the following structure:

P : the substrate / [NiCoFe (3) / Co (0.2) / Cu (2) / Co (0.2) CoPt (3) Co (0.2) / Cu (2)f / NiCoFe (3).
55 where N indicates the stacked number of films and N is 5 tn th.s example. The respective film thicknesses

were controlled by using a shutter, and CoPt of the hard magnetic film 1 was magnetized. Then, the MR
characteristics of the obtained devices were measured at room temperature in the applied magnetic field of
100 Oe. The MR ratios for the devices having the structures F and P were 6% and 8%, respectively. The
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widths of the magnetic field in which the MR was varied were 3 Oe and 5 Oe, respectively. Figure 10 shows

an exemplary MR curve of the stacked-type device.

(Example 7)

5

By using Nio.68Coo.2Feo.12 (the soft magnetic film 3), Coo.7Feo.2Nio.i <the magnetic film 3'), Cu (the non-

magnetic metal film 2). and Coo.75Pto.25 (the hard magnetic film 1) as targets (the composition ratios are all

indicated by atomic %), the sandwich-type magnetoresistive device as shown in Figure 2A and the stacked-

type magnetoresistive device as shown in Figure 2B were fabricated on a substrate by a multi-target

70 sputtering apparatus. The sandwich-type magnetoresistive device had the following structure:

G ; the substrate / NiCoFe (15) / Cu (2.3) / CoNiFe (0.5) / CoPt (10) (parenthesized values indicate the

thicknesses (nm)), and

the stacked-type magnetoresistive device had the following structure:

G' : the substrate / [NiCoFe (7) / Cu (2.2) / CoNiFe (0.5) / CoPt (4) / CoNiFe (0.5) / Cu {2.2)f

.

75 where N indicates the stacked number of films and N is 5 in this example. The respective film thicknesses

were controlled by using a shutter, and CoPt of the hard magnetic film 1 was magnetized. Then, the MR
characteristics of the obtained devices were measured at room temperature in the applied magnetic field of

100 Oe. The MR ratios for the devices having the structures G and G' were 6% and 9%, respectively. The
widths of the magnetic field in which the MR was varied were 3 Oe and 5 Oe, respectively. As a

20 comparative example, devices in which Coo.7Feo.2Nio.i (the magnetic film 3') was not inserted at the

interface were fabricated. The MR ratios of the comparative examples were 4% and 6% which were lower

than those of the devices of the invention.

(Example 8)

25

On a substrate including a ferrite (7-1) and an insulating film (7-2), a magnetoresistive device portion

having the following structure was fabricated by a multi-target sputtering apparatus by using Coo.75Pto.25 (the

hard magnetic film 1), Cu (the non-magnetic metal film 2), Nio68Coo.2Feo.12 (the soft magnetic film 3), and
Co (the magnetic film 3') as targets:

30 H : [NiCoFe (7) / Cu (2.1) / Co (0.4) / CoR (4) / Co (0.4) / Cu (2.1 )p.

The material of CoPt of the hard magnetic film 1 was magnetized. An insulating film 6 and CoNbZr were
deposited thereon by using SiOa (the insulating film 6) and Coo82Nbo.i2Zfoo6 as targets. The deposited films

were patterned by lithography, so as to produce the yoke portion 4. As a result, a magnetoresistance effect

type head (an MR head) as shown in Figure 3 having the following structure was fabricated:

35 I : the substrate / [NiCoFe (7) / Cu (2.1) / Co (0.4) / CoPt (4) / Co (0.4) / Cu (2.1)]3 / SiOs (100) / CoNbZr
(1000).

As a comparative example, an MR head having a conventional structure in which the conventional materials

of Nio.8Feo.2 and Coo.82Nbo.12Zro.06 were respectively used for the magnetoresistance effect film and the

yoke was fabricated. An alternating current signal magnetic field of 100 Oe was applied to both the

40 conventional MR head and the MR head of the invention, so as to compare the reproduction outputs of the
respective heads. It was found that the MR head having the structure I of the invention could attain an
output which was about 4 times as large as that of the conventional MR head as the comparative example.

(Example 9)

45

By using CoosPto.g (the magnetic film V), Coo6Nio2Feo 2 (the soft magnetic film 3, the magnetic film 3').

and Cu (the non-magnetic metal film 2) as targets, the magnetic film 1\ the non-magnetic metal film 2, and
the soft magnetic film 3 were sequentially deposited. Thus, a magnetoresistive change portion of a
sandwich type as shown in Figure 2A having the following structure was fabricated:

50 J : [CoNiFe (10) / Cu (2) / CoNiFe (0.7) / CoPt (2)].

On the magnetoresistive change portion, an Si02 insulating film was deposited. Then, AuCr for conductor
lines was deposited thereon. As a result, a memory device was fabricated.

In order to check the operation of the memory device, a large current was allowed to flow through the
conductor line 5 as shown In Figure 6A, so as to unidirectionally magnetize the magnetic film 1'. Then, as

55 shown in Figure 6B, a weak current was allowed to flow through the conductor line 5, so as to align the
magnetization of the soft magnetic film 3 in one direction. Thereafter, as shown in Figure 6C, the weak
current flowing through the conductor line 5 was reversed, and the change of resistance in the mag-
netoresistive change portion was measured at this time. It was confirmed that the change of resistance was
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definitely changed to be plus (increase) or nninus (decrease) depending on the magnetized direction
recorded in the magnetic film V, as shown in Figure 6D. In addition, it was found that the output was 1.5
time or more as large as that of a conventional memory device using NIFe. In this example, the reference
numeral 1' in Figures 6A to 6C denotes a film including the magnetic film 1" and the magnetic film 3'

5 Next, the magnetoresistive change portion was fabricated so as to have the following stacked structure*
J' = [CoNiFe (6) / Cu (2) / CoNiFe (0.6) / CoPt (2) / CoNiFe (0.6) / Cu (2)f.
A memory device was fabricated by using the magnetoresistive change portion having the stacked
structure. In the same way as described above, the operation of the memory device was checked. It was
confirmed that, during the information read-out, the output voltage of the memory device having thew structure J* was about twice as high as that of the memory device having the structure J.

(Example 10)

/5

By using Coo.sPto.a, Coo.seCro.izTao.oa. Feo.sNio.s (the magnetic films 1, 1', and V). Cu (the non-magnetic
metal film 2). and Nio.68Coo.2Feo.12 (the soft magnetic film 3) as targets, a magnetoresistive change portion
having the following stacked structure was fabricated:

K
:
[CoPt (3) / Cu (2.2) / NiCoFe (4) / Cu (2.2) / CoCrTa (3) / Cu (2.2) / NiCoFe (4) / Cu (2.2) / NiFe (3) / Cu

(2.2) / NiFeCo (4)].
^

^

An Si02 insulating film was deposited thereon. Thereafter, AuCr for conductor lines was deposited, so as to
20 fabricate a memory device as shown in Figure 5.

In order to check the operation of the memory device, the following two types of memory devices were
provided. One type of memory device was provided in such a manner that a current was allowed to flow
through the conductor line 5 as shown in Figure 7A, and the magnetization of the three kinds of magnetic
films 1, 1'. and 1"(NiFe) and the magnetization of the soft magnetic film 3 was inverted, so as to record

25 information. The other type of memory device was provided in such a manner that a magnetic field which is
smaller than the coercive force of the magnetic films 1 and 1' (CoPt, CoCrTa) but larger than the coercive
force of the magnetic film 1" was produced, and hence the magnetization of the magnetic film 1" and the
magnetization of the soft magnetic film 3 (NiCoFe) was inverted, so as to record information. Next, as
shown in Figure 7B, a weak current pulse was allowed to flow through the conductor line 5, so that only the

30 magnetization of the soft magnetic film 3 was inverted, and the change of resistance of the mag-
netoresistive change portion at this time was measured. As shown in Figure 7C, it was confirmed that the
magnitudes of the change of resistance were different depending on the number of the magnetic films (1,

1\ 1") in which the magnetization had been inverted during the recording of the information. This means
that multivalue information can be stored in such a memory device.

35 In the following Examples 11 to 17, other embodiments of magnetoresistance effect devices, mag-
netoresistance effect type head, and memory device of the present invention will be described- Although an
example of the amplifying device will not be described, the amplifying device of the invention may be
constructed in the same manner as the memory device, as described in the above-mentioned examples.

As shown in Figures 16A and 16B, in this magnetoresistance effect device, a soft magnetic film 21 with
40 a thickness of 1 to 20 nm. a hard magnetic film 23 with a thickness of 1 to 20 nm, having respectively

different coercive forces, are alternately stacked, and non-magnetic metal films 22 with a thickness of 1 to

10 nm are interposed between the soft magnetic films 21 and the hard magnetic film 23 to be alternately
stacked. In this case, the main component of the soft magnetic film 21 is expressed by the following
formula:

45

(NixCoi-x)xFei-x- (3)

In the above formula, X and X' are expressed by atomic composition ratios as follows:

50 0.6 ^X^1.0 0.7 ^X*^ 1.0 (4)

The hard magnetic film 23 is composed of a CoFe based material having a relatively large resistance
variation ratio AR/R, and the main component thereof is expressed by the following formula:

55 CoyFei-Y (5)

where Y is expressed by an atomic composition ratio:

18
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0.3 ^ Y ^ 0.7 (6)

Also, the CoFe based material to which V is added has a very satisfactory square ratio of 0.9 or more,

and the component thereof is expressed by the following formula:

5

(C02Fei-z)zV,-2. (7)

where Z and T are expressed by the atomic composition ratios as follows:

70 0.3 < 2 < 0.7 0.9 <^T< 0.98 (8)

In particular, if adding V when 0.9 ^ Z' ^ 0.98. as shown in Figure 17. the saturation magnetic field

strength Hs of the MR curve is reduced in the case where the amount to be added is small, i.e., in the

range of 0.02 to 0.04 %, so that the characteristics, optimized for using this device as a memory device,

/5 may be obtained. On the other hand, in the case where the added amount is large, i.e.. in the range of 0.05

to 0.1 %, the saturation magnetic field strength Hs of the MR curve is increased, so that the characteristics

optimal for a magnetoresistance effect device and a magnetoresistance effect type head are exhibited.

The non-magnetic metal film 22 is preferably composed of a material showing little reaction with a Ni-

Co-Fe based magnetic material in the interface therebetween, and therefore any of Cu, Ag and Au is

20 suitably used.

In the case where such a material is used for a magnetoresistance effect device and a mag-
netoresistance effect type head, the soft magnetic film 21 is composed of a hard magnetic material

exhibiting a small magnetostriction, a small coercive force, and a satisfactory square feature, while the hard

magnetic film is composed of a semi-hard or a hard magnetic material exhibiting a relatively large coercive

25 force and a satisfactory square feature.

Also, the soft magnetic film 21 is not necessarily a ternary film such as that described above, but may
be a binary magnetic film having soft magnetism and a relatively large resistance variation ratio AFl/'R. e.g.,

a Ni-Fe based or Ni-Co based binary magnetic film.

For example, the main component of the soft magnetic film 21 is expressed by the following formula.

30

NixFe,-x (9)

where X is expressed by an atomic composition ratio as follows:

35 0.7^ X< 0.9 (10)

Alternatively, the main component of the soft magnetic film 21 is expressed by the following formula.

NixCot-x (11)

40

where X is expressed by an atomic composition ratio as follows:

0.6 <X^ 0.9 (12)

45 In the case where the soft magnetic films 21 and the hard magnetic films 23 are alternately stacked
with non-magnetic metal films 22 interposed therebetween, if the thickness of the soft magnetic film 21 is

set to be larger than that of the hard magnetic film 23, then a large resistance variation ratio may be
obtained in very small magnetic fields, as shown in Figure 18.

Since the soft magnetic film 21 and the hard magnetic film 23 have different coercive forces and the
50 two kinds of films 21 and 23 are separated from each other with the non-magnetic metal film 22 interposed

therebetween, an application of a weak magnetic field H causes the rotation of spins in the soft magnetic
film 21 with soft magnetism in a direction indicated by the arrow Ai shown in Figures 16A and 16B. On the
other hand, the spins in the hard magnetic film 23 with hard or semi-hard magnetism have not been
reversed yet as indicated by the arrow Bi. Therefore, in such a case, the spin alignment direction in the

55 soft magnetic film 21 becomes opposite to the spin alignment direction in the hard magnetic film 23 and the
spin scattering of the conductive electrons in the two films becomes maximum, so that electrical resistance

values become large.

19
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If further applying stronger magnetic field, as shown in Figure 16B, the spins in the hard magnetic film

23 are also reversed as indicated by the arrow Ba. As a result, the spin alignment direction in the soft

magnetic film 21 becomes parallel to the spin alignment direction in the hard magnetic film 23; the spin

scattering of the conductive electrons becomes small; and the electrical resistance values are reduced-

Figure 19 shows the values of the resistance variation ratio AR/R in the above-described mag-
netoresistance effect device in association with the variation of the applied magnetic field H. In Figure 19,

the position 19a corresponds to the state shown in Figure 16A; while the position 19b corresponds to the

state shown in Figure 16B. The resistance variation ratio AR/R shown in Figure 19 is calculated by the

following equation:

AR/R = {(Rp - R^in)/Rmin} X 100 [%] (13)

where Rp is a value of the electrical resistance corresponding to the strength of each magnetic filed H; and

Rmin is a minimal value of the electrical resistance. Figure 19 is a graph showing the relationship between

the strength of the magnetic field H and the resistance variation ratio AR/R thus obtained.

In this way, a large resistance variation ratio AR/R is obtained in a region where the strength of the

magnetic field H is relatively small. However, if the non-magnetic metal film 22 is not provided, the soft

magnetic film 21 is unintentionally coupled magnetically with the hard magnetic film 23. so that the state

such as shown in Figure 16A can not be realized. Therefore, in such a case, a large magnetoresistance

effect can not be obtained.

It is preferable for the soft magnetic film 21 to have a small magnetostriction. This is because a noise is

likely to occur if a magnetic film having a large magnetostriction is employed for an MR head.

If the composition ratio of a Ni-rich Ni-Co-Fe based alloy expressed by the above-described formula

(3) satisfies the expression (4), then the magnetostriction of such an alloy becomes small, so that the alloy

exhibits soft magnetism. A typical composition ratio of such an alloy is Nio.sCoo.iFeo.i , Nio.8Feo.2 or the like.

Also, in order to improve the soft magnetism, the wear resistance and the corrosion resistance, Nb, Mo, Cr,

W, Ru and the like may be added to the composition represented by the expression (4).

The CoFe based alloy expressed by the formula (5) exhibits a satisfactory square feature and semi-hard

or hard magnetism when the CoFe alloy satisfies the expression (6).

The CoFe based alloy expressed by the formula (7) to which V is added so as to satisfy the expression

(8) may arbitrarily vary the coercive force thereof depending on the added amount of V and may improve

the square feature thereof.

By selecting the composition ratios in the above-mentioned manner, the magnetic films 21 and the hard

magnetic film 23 having respectively different coercive forces may be obtained. When the thickness of the

soft magnetic film 21 and the hard magnetic film 23 is smaller than 1 nm, the decrease in the strength of

the magnetic field owing to the reduction of Curie temperature and the like are disadvantageously caused at

room temperature.

Since a magnetoresistance effect device is used with an entire film thickness set at several tens of nm

in practical use, the thickness of the respective magnetic films 21 and 23 is required to be set at smaller

than 20 nm in order to utilize the effects of the stacking structure to be obtained according to the present

invention. Moreover, in the case where the film thickness of the soft magnetic film" 21 exhibiting soft

magnetic characteristics is set to be larger than that of the hard magnetic film 23 exhibiting semi-hard

magnetic characteristics or hard magnetic characteristics, the soft magnetic characteristics are improved

and the rising of the characteristics in a very weak magnetic field becomes abrupt. However, such an effect

is invariable when the film thickness is larger than 20 nm. Accordingly, the thickness of these magnetic

films 21 and 23 is preferably set in the range of 1 to 20 nm.

The non-magnetic metal film 22 interposed between these magnetic films 21 and 23 is required to be

less reactive with a Ni-Fe-Co based magnetic film in the interface therebetween, and is also required to be

non-magnetic. Therefore, Gu, Ag, Au and the like are suitable as a material for the non-magnetic metal film

22. If the thickness of this non-magnetic metal film 22 is smaller than 1 nm. then it becomes difficult to

realize the state as shown in Figure 16A, where the soft magnetic film 21 and the hard magnetic film 23 are

magnetically coupled, and the spin alignment directions in the soft magnetic film 21 and the hard magnetic

film 23 having respectively different coercive forces become antiparallel to each other.

On the other hand, if the thickness of the non-magnetic metal film 22 exceeds 10 nm, then the electric

resistance in the portion of the non-magnetic metal film 22 where no magnetoresistance effect is exhibited

adversely reduces the variation of the resistance of the entire magnetoresistance effect device. Con-

sequently, the thickness of the non-magnetic metal film 22 Is preferably set in the range of 1 to 10 nm.

20
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(Example 1 1)

Magnetoresistive devices having the following configurations (Sanaples Nos. A2. B2, and C2) are formed

on a glass substrate by using a sputterer.

5 A2: [Co-Fe(3)/Cu(2)/Ni-Fe{14)/Cu(2)]

B2: [Co-Fe(3)/Au(2)/Ni-Co(14)/Au(2)]

C2: [Co-Fe(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and Co-Fe are set to be Nio.sFeo.a. Nio.eCoo.a.

Nio.sCoo.iFeo.i and CoosFeo s. respectively. The film thickness is controlled by power and shutter speed.

70 In the same way, by using Coo.sFeo.s and Nio.yCoo.aFeo.i as targets, magnetoresistive devices having the

following configurations (Samples Nos. D2, E2. and F2) are formed on a glass substrate.

D2: [Co-Fe{3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

E2: [Co-Fe(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

F2: [Co-Fe(3)/Au(2)/Ni-Co-Fe(l 4)/Au(2)]

75 Various characteristics of the obtained samples Nos. A2 to F2 of the magnetoresistive devices, i.e., the

resistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are

shown in Table 1. The magnetization is measured by a vibration type magnetometer. The varying value of

the electrical resistance is measured by a four-terminal method using the samples shown in Table 1 ,
while

applying an external magnetic field in a direction vertical to the direction of the flowing current so as to vary

20 the magnetic field.

[Table 1
]

Sample No. Resistance Variation

Ratio AR/R (%)

switching field

Ht (Oe)

A2 6 14

82 4 9

C2 5 15

D2 7 8

E2 3 15

F2 4 7

The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft

magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The

magnetoresistance effect of the film is measured by applying a magnetic field in a direction of the

40 magnetization hard axis of the magnetic film exhibiting soft magnetism. The switching field Ht of the film

shown in Table 1 are the values in the direction of the magnetization hard axis.

As is apparent from Table 1, the magnetoresistance effect device of this example exhibits practical

characteristics, that is to say, the device shows a large resistance variation ratio AR/R at room temperature

and a relatively small switching field Ht in the rising portion.

45

(Example 12)

In the same way as in Example 11. magnetoresistive devices having the following configurations

(Samples Nos. A3, B3, and C3) are formed on a glass substrate by using a sputterer.

so A3: [Co-Fe-V(3)/Cu(2)/Ni-Fe(1 4)/Cu(2)]

B3: [Co-Fe-V(3)/Cu(2)/Ni-Co(1 4)/Cu(2)]

C3: [Co-Fe-V(3)/Cu(2);Ni-Co-Fe(1 4)/Cu(2)]

The composition ratios of Ni-Fe, Ni-Co. Ni-Co-Fe and Co-Fe-V are set to be Nio.8Feo.2. Nio.8Coo.2.

Nio.sCoo.iFeo.i and Coo.5Feo.46Vo.041 respectively. The film thickness is controlled by power and shutter

55 speed.

In the same way, by using Coo.49Feo.46Vo.05 and Nio.yCoo.aFeo.i as targets, magnetoresistive devices

having the following configurations (Samples Nos. D3, E3, and F3) are formed on a giass substrate.

D3: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(l 4)/Cu(2)]

21
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E3: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

F3: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(14)/Au(2)]

Various characteristics of the obtained samples Nos. A3 to F3 of the magnetoresistive devices, i.e., the

resistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are

shown in Table 2. The magnetization is measured by a vibration type magnetometer. The varying value of

the electrical resistance is measured by a four-terminal method using the samples shown in Table 2. while

applying an external magnetic field in a direction vertical to the direction of the flowing current so as to vary

the magnetic field.

[Table 2]

Sample No, Resistance Variation

Ratio AR/R (%)

switching field

Ht (Oe)

A3 7 10

B3 5 8

C3 4 1

1

D3 8 6

E3 5 12

F3 4 7

The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft

magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The

magnetoresistance effect of the film is measured by applying a magnetic field in a direction of the

magnetization hard axis of the magnetic film exhibiting soft magnetism. The switching field Ht of the film

shown in Table 2 are the values in the direction of the magnetization hard axis.

As is apparent from Table 2, the magnetoresistance effect device of this example exhibits practical

characteristics, that is to say, the device shows a large resistance variation ratio AR/R at room temperature

and a relatively small switching field Ht in the rising portion.

(Example 13)

In the same way as in Examples 11 to 12, magnetoresistive devices having the following configurations

(Samples Nos. A4. B4. and C4) are formed on a glass substrate by using a sputterer.

A4: [Co-Fe-V(3)/Cu(2)/Ni-Fe(1 4)/Cu(2)]

B4: [Co-Fe-V(3)/Cu(2)/Ni-Co(1 4)/Cu(2)]

C4: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

The composition ratios of Ni-Fe. Ni-Co. Ni-Co-Fe and Co-Fe-V are set to be Nio.sFeo.a. Nio.aCoo.a.

NiosCooiFeo i and Coo.52Feo.39Vo.09. respectively. The film thickness is controlled by power and shutter

In the same way. by using Coo.s2Feo.3iVoo7 and NioyCoojFeo.i as targets, magnetoresistive devices

having the following configurations (Samples Nos. D4. E4, and F4) are formed on a glass substrate.

D4: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(l 4)/Au(2)]

E4: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

F4: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(l 4)/Cu(2)]

Various characteristics of the obtained samples Nos. A4 to F4 of the magnetoresistive devices, i.e., the

resistance variation ratio AR/R at room temperature, the switching field Ht in the risin.: portion and the

saturation magnetic field Hs of the devices, are shown in Table 3. The magnetization is measured by a

vibration type magnetometer. The varying value of the electrical resistance is measured by a four-terminal

method using the samples shown in Table 3. while applying an external magnetic field in a direction vertical

to the direction of the flowing current so as to vary the magnetic field.
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[Table 3]

Sample No. Resistance Variation

Ratio AR/R(%)
switching field

Ht(Oe)

Saturation Magnetic

Field Hs (Oe)

A4 5 11 450

B4 6 7 300

C4 4 12 330

D4 4 5 400

E4 6 15 420

F4 7 7 360

15

The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft

magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The
magnetoresistance effect of the film is measured by applying a magnetic field in a direction of the
magnetization hard axis of the magnetic film exhibiting soft magnetism. The switching field Ht of the film

20 shown in Table 3 are the values in the direction of the magnetization hard axis, while the saturation
magnetic fields Hs are the values in the direction of the magnetization easy axis.

As is apparent from Table 3, the magnetoresistance effect device of this example exhibits practical
characteristics usable for a magnetoresistance effect device and a magnetoresistance effect type head, that
is to say, the device shows a large resistance variation ratio AR/R at room temperature, a relatively small

25 switching field Ht in the rising portion, and a large saturation magnetic field Hs.

(E.xample 14)

In the same way as in Examples 11 to 13. magnetoresistive devices having the following configurations
30 (Samples Nos, A5, B5, and C5) are formed on a glass substrate by using a sputterer.

A5: [Ni-Fe(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

B5: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

C5: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)]

The composition ratios of Ni-Fe, Co-Fe, Ni-Co-Fe and Co-Fe-V are set to be Nio.sFeo.s. Coo.sFeo.s.
35 Nio.eCoo.iFeo.i.and Coo.49Feo.49Vo.02, respectively. The film thickness is controlled by power and shutter

speed.

In the same way. by using Coo.sFeo.s and Nio.7Coo.2Feo.i as targets, magnetoresistive devices having the
following configurations (Samples Nos. D5. E5, and F5) are formed on a glass substrate.

D5: [Co-Fe(3)/Au(2)/Ni-Co-Fe(1 4)/Au(2)]

40 E5: [Co-Fe(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

F5: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(l 4)/Cu(2)]

Various characteristics of the obtained samples Nos. A5 to F5 of the magnetoresistive devices, i.e.. the
resistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are
shown in Table 4. The magnetization is measured by a vibration type magnetometer. The varying value of

45 the electrical resistance is measured by a four-terminal method using the samples shown in Table 4, while
applying an external magnetic field in a direction vertical to the direction of the flowing current so as to vary
the magnetic field.

50

55
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[Table 4]

Sample No. Resistance Variation

Ratio AR/R (%)

switching field

Ht (Oe)

A5 3 3

B5 6 4

C5 5 3

D5 5 3

E5 6 5

F5 6 5

;5

The filnn is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft

magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The
magnetoresistance effect of the film Is measured by applying a magnetic field in a direction of the

magnetization hard axis of the magnetic film exhibiting soft magnetism. The switching field Ht of the film

20 shown in Table 4 are the values in the direction of the magnetization hard axis.

As is apparent from the results shown Table 4, the magnetoresistance effect device of this example
exhibits practical characteristics useful for a high-sensitivity magnetoresistance effect device, a mag-
netoresistance effect type head and memory device, that is to say, the device shows more abrupt

characteristics and a smaller switching field Ht in the rising portion by setting the thickness of the soft

25 magnetic film thicker than that of the semi-hard magnetic film.

(Example 15)

In the same way as in Examples 11 to 14, magnetoresistive devices having the following configurations

30 (Samples Nos. A6, B6, and C6) are formed on a glass substrate by using a sputterer.

A6: [Co-Fe-V(3)/Cu(2)/Ni-Fe(14)/Cu(2)]

B6: [Co-Fe-V(3)/Cu(2)/Ni-Co(1 4)/Cu(2)]

C6: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and Co-Fe-V are set to be NiogFeoa, Nio8Coo.2,

35 Nio.eCoo.iFeo.i and Coo.49Feo.49Vo.02. respectively. The film thickness is controlled by power and shutter

speed.

In the same way, by using Coq 48Feo.49Voo3 and Nio^CoosFeo 1 as targets, magnetoresistive devices

having the following configurations (Samples Nos. D6, E6, and F6) are formed on a glass substrate.

D6: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(1 4)/Au(2)]

40 E6: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(1 4)/Ag(2)]

F6: [Co-Fe-V(3)/Cu(2)/NI-Co-Fe(1 4)/Cu(2)]

Various characteristics of the obtained samples Nos. A6 to F6 of the magnetoresistive devices, i.e., the

resistance variation ratio AR/R at room temperature, the switching field Ht in the rising portion and the

saturation magnetic field Hs of the devices, are shown in Table 5. The magnetization is measured by a

45 vibration type magnetometer. The varying value of the electrical resistance is measured by a four-terminal

method using the samples shown in Table 5. while applying an external magnetic field in a direction vertical

to the direction of the flowing current so as to vary the magnetic field.

50

55
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[Table 5]

Sample No. Resistance Variation

Ratio AR/R (%)

switching field

Ht (Oe)

Saturation Magnetic

Field Hs(Oe)

A6 4 5 50

B6 5 7 60

C6 4 9 45

D6 5 5 70

E6 6 10 40

F6 6 6 40

/5

The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft

magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The
magnetoresistance effect of the film is measured by applying a magnetic field in a direction of the

magnetization hard axis of the magnetic film exhibiting soft magnetism. The switching field Ht of the film

20 shown In Table 5 are the values in the direction of the magnetization hard axis, while the saturation

magnetic fields Hs are the values in the direction of Ihe magnetization easy axis.

As is apparent from Table 5: the magneto-resistance effect device of this example exhibits practical

characteristics useful for a memory device, that is to say, the device shows a large resistance variation ratio

AR/R at room temperature, a relatively small switching field Ht in the rising portion, and a small saturation

25 magnetic field Hs.

(Example 16)

In this example, an MR head is produced using the magnetoreslstlve devices. The following mag-
30 netoresistance effect films are used for forming the head.

A7: [Ni-Fe(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

B7: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

C7: [Co-Fe-V(3)/Cu(2)/NI-Co-Fe(1 4)/Cu(2)]

The composition ratios of Ni-Fe, Co-Fe, Co-Fe-V, and Ni-Co-Fe are set to be NIo.sFeo.s, Coo.sFso.s,

35 Coo.52Feo.39Vo.09 a^^cl Nio.7Coo.2Feo.i. respectively.

Various characteristics of the obtained samples, i.e.. the resistance variation ratios AR/R and the output
ratios, are shown in Table 6.

[Table 6]

Sample No. Resistance

Variation Ratio

Output Ratio

AR/R (%)

A7 6 3.4

B7 5 4.1

C7 6 3.9

The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft
magnetism crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The
stacking cycles are set to be 3. The resistance variation ratios AR/R shown in Table 6 are those measured
before forming a head. The output ratios shown in Table 6 are obtained by comparing the output of the MR

55 head of this example with that of a conventional MR head. As is apparent from the results shown in Table 6,

according to the MR head of this example, a larger output may be obtained than from a conventional MR
head.

25
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(Example 17)

In this example, a memory device shown in Figure 4 was produced by a photolithography technique

using the magnetoresistive devices. The following magnetoresistance effect films were used for forming the

5 memory device.

A8: [Ni-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)]

88: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

C8: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(1 4)/Cu(2)]

The composition ratios of Ni-Fe, Co-Fe^ Co-Fe-V and Ni-Co-Fe are set to be Nip.sFeo.s, Coo.sFeo.s,

10 Coo.49Feo.4gVo.02 and Nio.7Coo.2Feo.i, respectively.

The measurement is performed in the following manner. First, an electric current of +100 mA is

supplied through conductor lines 5, thereby magnetizing the semi-hard magnetic film V in one direction so

as to record information. The information is read out by supplying an electric current signal of ±50 mA to

the conductor lines 5, by which the soft magnetic film 3 can be inverted. The variation of the resistance, i.e.,

15 the variation of the voltage, is measured by using an oscilloscope. The measured output waveforms are

shown in Figure 20A. Next, to the contrary to the case shown in Figure 20A, an electric current of -100 mA
is supplied through the conductor lines 5, thereby magnetizing the semi-hard magnetic film 1* in an

opposite direction so as to record the information. The information Is read out by supplying an electric

current signal of ±50 mA through the conductor lines 5. In the same way, the variation of the resistance, i.e.,

20 the variation of the voltage, is measured by using an oscilloscope. The measured output waveforms are

shown in Figure 20B. As is apparent from the results of these experiments, the information may be

recorded and reproduced easily.

In the following Examples 18 to 23, the embodiments of the invention which use a magnetoresistance

effect device having a multilayer structure formed epitaxially on a substrate will be described.

25 The magnetoresistance effect device of the present invention includes a multilayer structure composed

of sets of films, each set including a hard magnetic film mainly made of Co., CoPt. or CpFe and a soft

magnetic film mainly made of NiFe or NiFeCo with a non-magnetic metal film mainly made of Cu having a

thickness of 2 to 10 nm interposed therebetween, the multilayer structure being formed epitaxially on a

substrate so that a [100] direction is in a direction vertical to a film surface and a magnetic field direction to

30 be detected is substantially a [Oil] direction in plane of the Cu film.

As for the soft magnetic film, a film mainly made of NiFe or NiFeCo is preferably used. Specifically, an

Ni-rich soft magnetic film of an atomic composition of NixCOyFe^ where 0.6 ^ x ^ 0.9, 0 ^ y ^ 0.4, 0 ^ z ^

0.3 or a Co-rich soft magnetic film of an atomic composition of NixCOy Fe^ where 0 ^ x' ^ 0.4, 0.2 ^ y' ^

0.95, 0 ^ z* ^ 0.5 is desirably used. The films of the above compositions have a low magnetic distortion

35 characteristic (in the order of 1 x 10"^ or less) which is required for MR sensors and MR heads.

As for the hard magnetic film, a film mainly made of Co, more desirably mainly made of CoPt can be

used. The CoPt film is more suitable as the hard magnetic film than the Co film because the CoPt film has

a large coercive force and thus does not allow the magnetization to be easily inverted compared with the

Co film. The CoPt film preferably has an atomic composition of Coi_xPtx where 0 ^ x S 0.4. When x > 0.4,

40 the MR ratio decreases. In some instances, a CoFe film may be advantageously used as the hard magnetic

film. The CoFe film provides a comparatively small coercive force, which results in easy write operation

when the device is applied to a memory device, and thereby reduces the current to be applied to a

conductor during the write operation. The atomic composition of the CoFe film is preferably Coi-^Fex where

0.3 ^ x ^ 0.7. more preferably 0.4 ^ x < 0.6, most preferably x is near 0.5.

45 In the above structure, the soft magnetic film may be first formed on a substrate or a suitable

underlayer formed on the substrate, or the hard magnetic film may be first formed. In either case, the set of

these films are stacked two to ten times, preferably. When only one set of films are stacked, the resultant

MR ratio is small, while when more than ten sets of films are stacked, a large operational magnetic field is

required.

50 In the above structure, a surface magnetic film is preferably covered with a suitable protective film

made of Au, Cr, or the like so as to prevent the surface from being degraded due to oxidation and the like.

The multilayer structure is preferably formed on an Si (IOO) single crystalline substrate via a underlayer

mainly made of Cu. The thickness of the Cu underlayer should be in the range of 1 nm to 50 nm, more

preferably in the range of 5 nm to 50 nm. When the thickness of the Cu underlayer is less than 1 nm,

55 magnetic material is not epitaxially grown on the Cu backing film When the thickness of the Cu underlayer

exceeds 50 nm. the resistance of the underlayer becomes so small that the resistance of the resultant

device may be decreased.
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The magnetoresistance effect device of the invention may include a multilayer structure formed on a

substrate, the multilayer structure being composed of sets of films, each set including a hard magnetic film

mainly made of Co, CoPt. or CoFe and a soft magnetic film mainly made of NiFe or NiPeCo with a first

non-magnetic metal film mainly made of Cu having a thickness of 2 to 10 nm interposed therebetween. In

5 this embodiment, a second non-magnetic metal film mainly made of Ag or Au having a thickness of 0.1 to

0.4 nm is inserted in the first non-magnetic metal film. Preferably, the second non-magnetic metal film is

mainly made of Ag.

Preferably, the above multilayer structure is formed so that a (100) plane be epitaxially grown in a

direction parallel to a film surface and a magnetic field direction to be detected be substantially a [011]

70 direction In plane of the multilayer structure. That is. the [100] direction of the film is in a direction vertical

to the film plane. The multilayer structure may be formed on an Si(lOO) single crystalline substrate via a

underlayer mainly made of Cu,

The magnetoresistance effect device may include a multilayer structure formed on a substrate, the

multilayer structure being composed of sets of films each having a hard magnetic film mainly made of Co,

/5 CoPt, or CoFe and a soft magnetic film mainly made of NiFe or NiFeCo with a non-magnetic metal film

interposed therebetween. In this embodiment, at least two consecutive soft magnetic films each having a

thickness in the range of 1 to 10 nm are stacked with a non-magnetic metal film interposed therebetween,

and the hard magnetic film and the consecutive soft magnetic films are stacked with the non-magnetic
metal film interposed therebetween.

20 Preferably, the thickness of the non-magnetic metal film between the consecutive soft magnetic films

and the hard magnetic film is larger than the thickness of the non-magnetic metal film between the

consecutive soft magnetic films.

The non-magnetic metal film formed between the consecutive soft magnetic films is preferably

composed of a single film mainly made of Cu, while the non-magnetic metal film formed between the

25 consecutive soft magnetic films and the hard magnetic film is composed of a film mainly made of Cu with

an Ag or Au film inserted therein.

Preferably, the multilayer structure is epitaxially formed so that a (100) plane is in a direction parallel to

a film surface and a magnetic field direction to be detected is substantially a [01 1] direction in the plane of

the Cu film,

30 The magnetoresistance effect device may include a multilayer structure composed of sets of films each
having a hard magnetic film mainly made of Co, CoPt, or CoFe and a soft magnetic film mainly made of

NiFe or NiFeCo with a non-magnetic metal film interposed therebetween. In this embodiment, at least two
consecutive hard magnetic films each having a thickness of 1 to 10 nm are stacked with a non-magnetic
metal film interposed therebetween, and at least two consecutive soft magnetic films each having a

35 thickness of 1 to 10 nm are stacked with a non-magnetic metal film interposed therebetween. The
consecutive hard magnetic films and the consecutive soft magnetic films are stacked with a non-magnetic
metal film interposed therebetween. The thickness of the non-magnetic metal film between the consecutive
hard magnetic films and the consecutive soft magnetic films is larger than the thickness of the non-
magnetic metal film between the consecutive soft magnetic films or between the consecutive hard magnetic

40 films.

Preferably, the non-magnetic metal film formed between the consecutive soft magnetic films or between
the consecutive hard magnetic films is composed of a single film mainly made of Cu, while the non-
magnetic metal film formed between the consecutive soft magnetic films and the consecutive hard
magnetic films is composed of a film mainly made of Cu with an Ag or Au film inserted therein.

45 Preferably, the multilayer structure is epitaxially formed so that a (100) plane is in a direction parallel to

a film surface and a magnetic field direction to be detected is substantially a [Oil] direction in the plane of
the Cu film.

A magnetic memory device may be provided by applying the magnetoresistance effect device of the
present invention to a memory device. As a basic structure, the magnetic memory device includes a device

50 portion having a hard magnetic film mainly made of Co, CoPt. or CoFe and a soft magnetic film mainly
made of NiFe or NiFeCo with a non-magnetic metal film mainly made of Cu having a thickness of 2 to 10
nm, epitaxially formed on a substrate so that a (100) plane is parallel to a film surface, and a conductor
disposed in the vicinity of the device portion via an electrically insulating . film. The magnetic memory device
Is formed so that the magnetization direction to be recorded is substantially a [01 1] direction in the plane of

55 the Cu film.

According to the invention, an amplifier may be provided by applying the magnetoresistance effect
device of the present invention to an amplifier. As a basic structure, the amplifier includes a device portion
having a hard magnetic filnn mainly made of Co. CoPt. or CoFe and a soft magnetic film mainly made of
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NiFe or NiFeCo with a non-magnetic metal film mainly made of Cu having a thickness of 2 to 10 nm,
epitaxially formed on a substrate so that the (100) plane is parallel to the film surface, and a conductor
disposed in the vicinity of the device portion via an electrically insulating film. The amplifier is formed so
that the magnetization direction of an operating magnetic film is substantially a [Oil] direction in the plane

5 of the Cu film.

Moreover, a magnetic head may be provided by applying the magnetoreslstance effect device of the
present invention to a magnetic head. As a basic structure, the magnetic head includes a device portion

having a hard magnetic film mainly made of Co. CoPt, or CoFe and a soft magnetic film mainly made of

NiFe or NiFeCo with a non-magnetic metal film mainly made of Cu having a thickness of 2 to 10 nm.
;o epitaxially formed on a substrate so that the (100) plane is parallel to a film surface, and a yoke provided to

form a magnetic path commonly used with the device portion. The magnetic head is formed so that the

magnetization direction of an operating magnetic film is substantially the [01 1] direction of the Cu film.

According to the present invention, since the multilayer structure is formed by growing crystal

epitaxially on the substrate, non-uniform thin film formations such as island-shaped formations can be
15 prevented. It is known that the conditions of the interface between the magnetic film and the non-magnetic

metal film is influential to the magnetoreslstance effect of an artificial multilayer. According to the present

invention, epitaxially grown films provide a flat interface, and thus a great magnetoreslstance effect can be
obtained. The [NiFe/Cu] and [Co/Cu] epitaxial films where the (100) crystal plane is parallel to the substrate

surface have weak magnetic correlation, compared with a (111) film. Accordingly, the (100) film is suitable

20 for creating magnetization inversion with a low magnetic field. When the (100) epitaxial film is used for the

magnetoreslstance effect device, it is required to apply a magnetic field substantially in a [Oil] direction in

the plane of the Cu film. This is because, in the (100) epitaxial film, the magnetization easy axis of the NiFe
or NiFeCo film is in the [Oil] direction in the plane of the Cu film. Therefore, by applying a magnetic field

in this direction, the measurement with a reduced field and an increased MR value is realized.

25 Si (100) single crystal is suitable for a substrate on which an epitaxial film is grown. Si substrates are

commercially available inexpensively since they are mass-produced for the fabrication of semiconductor

devices. Such an Si (100) substrate is treated with hydrofluoric acid to remove any oxidized film on the

surface. By this treatment, it is possible to grow Cu epitaxially at room temperature. This process is

advantageous because no step of pre-heating the Si substrate in a vacuum is required. The thickness of the

30 backing Cu film is suitably in the range of 1 to 50 nm, more preferably of 5 to 50 nm. When the thickness

of the Cu underlayer Is less than 1 nm, it is difficult to epitaxially form a multilayer on the backing film.

When the thickness of the underlayer exceeds 50 nm, the resistance of the underlayer is so small that the

MR ratio decreases.

The magnetoreslstance effect device of the present invention is preferably fabricated by a thin film

35 formation technique such as sputtering and vapor deposition. When a thin film is formed on a glass

substrate by vapor deposition, however, crystal grains tend to be deposited into the shape of spotted

islands, making it difficult to form a smooth surface. According to the fabrication method of the present

invention, a thin film is epitaxially formed on a single crystalline substrate, forming a smooth interface

between the magnetic film and the non-magnetic metal film, and thereby realizing a large MR ratio.

40 Cu is preferably used for the non-magnetic metal film of the magnetoreslstance effect device of the

present invention. As the Cu film is thinner, the interaction between the magnetic films becomes larger and

thus the operating magnetic field of the resultant magnetoreslstance effect device is larger. Therefore, the

thickness of the Cu non-magnetic metal film should be at least 2 nm, preferably at least 5 nm. When the

thickness of the Cu nonmagnetic film exceeds 10 nm, the MR ratio lowers because the thickness exceeds

45 the mean free path of electrons. Therefore, the thickness should be less than 10 nm. An Ag or Au film

having a thickness of 0.1 to 0.4 nm may be inserted in the Cu nonmagnetic film. In this case, the operating

magnetic field of the Cu film lowers without substantially decreasing the MR value. The reason is

considered as follows: The magnetic films interact with each other via conductive electrons in the

nonmagnetic film interposed therebetween. The wave function of the Cu nonmagnetic film is disturbed by

50 inserting a film of other atoms than Cu in the Cu nonmagnetic film, lowering the magnetic interaction and

thereby facilitating the magnetic moment directions of the magnetic films to be rotated individually. Ag or

Au may be used for the magnetic insertion film, though Ag is more preferable. Such an insertion film is

effective when the thickness thereof is 0.1 nm or more, though it is more effective when the thickness is 0.2

nm or more. When the thickness of the insertion film is 0.4 nm or less, the MR value does not substantially

55 decrease. However, when the thickness exceeds 0.4 nm, the epitaxial orientation is greatly disturbed,

lowering the MR value and the crystal of the magnetic films.

The thickness of the magnetic films of the present invention is preferably in the range of 1 to 10 nm.

Especially, the soft magnetic film is preferably at least 1 nm. more preferably at least 3 nm because a too
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r^onnotir fWm^ <?hown in FiQure 23. Ine tnicKness of mt; nun m^y ^

with the casejvhere ^ ate with a smaller magnetic field. Further, the structure of

rh:CsL:: i e s:ft r^a MR ratio, compared with a single t-^'^K soft magnetic tllrr.

biause the nu^^^ of magnetic film/non-magnetic metal film Interfaces increases. The thickness of the

nm rqnSc mTtatfilm between the consecutive soft magnetic films should be such that a erromagnet c

Tuplg can be created between the soft magnetic films, which is preferably in the range of about 0.2 to

n 7 nm nr 1 1 to 1 7 nm more preferably about 0.5 nm or 1.5 nm.

A^o dng to stranothe'magnetoresistive effect device of the present invention two or more

consiutivT so t magnetic films a'e stacked with a non-magnetic metal film interposed betvveen any

Xc^nt soft magnet^ films, and two or more consecutive hard magnetic films are stacked with a r,on-

mTqnetic metHlm interposed between any adjacent hard magnetic films, as shown ,n F.gure 24. The

Tamelfferls that descried above can be obtained by using the consecutive soft magnetic films. Also^

hTLuctu^ of the consecutive hard magnetic films increases the t^R ratio, compared with a single thick

hard ^onSic fi m because the number of magnetic film/non-magnetic metal film interfaces increases. As

nThe cStf the co^ecutive soft magnetic films, the thickness of the ---9-);^
^^J^jJ;;- : :

consecutive hard magnetic films should be such that a ferromagnetic coupling can be created between the

harr^a^netic films. The thickness is preferably in the range of about 0.2 to 0.7 nm or 1.1 to 1.7 nm. more

nr:"siran:e?J^^ of the present invention is suitab.e for the appl.at.on to a memo.y

device and an amplifier as shown in Figure 4. Figure 26 illustrates one example °'

^^^f
magnetoresistance effect device according to the present invention. As .s observed from F.gure 26. the high

Tsfstiv W and the low resistivity are switched within a small magnetic field with a good square feature^

Acco dingly. when such a device is applied to a memory device, highly reliable recording and reading is

possible When the device is applied to an amplifier, a stable output can be obtained. In the thus-fabncated

memry' device the coercive force of a hard magnetic film 101 can be varied to some extent by varying he

Tckness of the hard magnetic film and by varying the composition of CoPt used for the hard magnetic film.

M a resuH. it is possible to produce a hard magnetic film having a coercive force suitable for the writing

capability of a conductor 5.
. . ^. ^* rfu^ horn

An insulating film 6 is preferably as thin as possible so that a device portion composed of t he hard

magnetic film 101/a non-magnetic metal film 102/a soft magnetic film 103] is as close as possible to the

conduc or 5 for magnetizing the device portion. As the device portion is closer to the conductor 5. a greater

magnetic can be generated by the application of the same current, and the device portion can be

magnetized by the application of less current. However, the thickness of the insulating f.km 6 is required to

belt least 5 nm to avoid troubles such as characteristic degradation due to heating and infenor insulating

property. The thickness is also required preferably to be 1 um or less in consideration of the magnetization

range where a magnetic field can be generated for magnetizing the hard magnetic film 101 {for writing

information on the hard magnetic film 101). SiO^ is especially preferable as the insulating material m

consideration of the processibility and the flatness. However, any other material may be used as far as it

has the insulation property. ^ , ^ r,.

The conductor 5 may be formed in a strip shape as shown in Figure 4 when it is used for a memory

device. In the case of arranging memory devices in a matrix, the conductor 5 may be formed so that two

conductors do not cross each other on the magnetoresistance effect device as shown in Figure 15A or two

conductors cross each other as shown in Figure 1 5B.

The magnetoresistance effect device of the present invention, which creates a large magnetoresistwe

change v/ithin a low magnetic field as described above, is also suitable for application to a magnetic head.

However since an epitaxial film is used for the magnetoresistance effect device of the present invention, it

is difficult to form such an epitaxial film on a conventional ferrite substrate. This necessitates a special

consideration for the application of the present invention to a magnetic head. Figure 29 shows an

exemplified basic structure for a magnetic head according to the present invention. In Figure 29, a device
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is(ormM on ,he msua.Ino tlm 110 and rmZl.i^",^^^^ ^f'-^'^ " P'^ferabl.. A yoke 111 is

material which is soft magnetic and has a hinh mLo^.-^ ! ^ " preferably made of a
Of a Co group. A magneLluxThich leak 'frorf^00^''^ ^ """^P*^""^ "^^9"^'^^

portion 109 from the l^ft as is seen^-^t: Tj. ircr^tedil^S 0^:0^3,9:?'^
^"'^^^

(Example 18)

acid to remove any oxidized film o^thP I , fl
^ ^

^^l^strate was treated with a 7% hydrofluoric

water. The substraL wa then ^aced 'n an uiS Ih v
" '""'"''^""^ P"^«

and a ....^yer structure A unde^aTaclm oT pS^^^^^^^^
c^epo.tion apparatus to form a underlayer

A9:Si(100)/Cu(50)/[Co(3)/Cu(6)/NiFe(3)/Cu(6)]'<'

r~s '''''' " ^-^^^--^^—

-

e,ect?o~C2^^^^^^^^^^^^ zi:rr. ^r- --^^ -^-^ -
stable evaporation rate and thu^rsuLble for oh,.

^ ^^""'^^^ "^^P^^'''^" «
evaporate a substance hav ng a high mLVna po in't The

"^^'^'''^ '"^^^^ " ""^^ *°

deposition of Cu and Ag (the' ^::o-Z':^%:'^J'^J'TZZ:^^'Z ^^'^
source o a previouslv Drenarf^d r.f m: t=^ /*u

ucicnoea later). For NiFe, an evaporation

Of atoms; hereinafter' referS^ to as the atfmrc com^rTf " ^-^-^
epitaxially was monitored by R^^ro (reflSn h^r enj r* "^^^'^ ^^^^^^ ^-'^'^ -as growing

process. As a result of the monitoring the fi ms weJfoun?,' h
''"^'"^ the film formation

Si(100)//Cu(100)//Co(100)//NiFef10m t /Il^t
^''^ epitaxially with the relationship of

film plane (100) inlatrn o^^^^^^
Si[001]//Cuf01 1]//Co[01 iy/NiFe[Oli] in a

structure SlLtT,; ^.Z^^'^lTZl '^3^^ ^'^^

Observed, but no peak corresponding to (1 1) and (io) Is otZ^^^ ^"^^

rer^wrSrS -'^"-^ ^-^-or^ra^^s^Ts^f a^

mag:rfirrma:ir^^^^^^^^ fou.termina, method under an applied

applied in the two directions of [0011 and fOn 1 in ni!ni !'J n
»he magnetic field was

Of the measurement are shown irp jurL ind 2^^^^^^^^
°" "^^^ ^-'^^

example, respectively In Figures 27rand 27B th^^^ ^
^'^^ ^

outside, while^he y-Ls rerimftl^l^l.^^heToir^
^

SrdTe^^nTSVS-r^^^^^^^^^^^

crp^ry~^^^^^
:irytTsC;th:~^^^
rrcrL^^ F- Cenr::: h^rired :n %i z
device A rcha'ng'ed to s'nm th' T h"""

^'^^^ ''^''^^"^^ ^" unded yer of :

rnpl^^^.r
^° '^^^ ""^ ''^'^ "lagnetic film. The MR ratio can be further increased bv usino

A9': Si(100)/Cu(50)/(CoPt(3)/Cu(6)/NiFe(3)/Cu(6)]"'
had an MR ratio of approximately 8%. which is greater by approximately 1% than that of the device A9.
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(Example 19)

A magnetoresistance effect device having a structure of:

B9: Si(100)/Cu(50)/ICo(3)/Cu(2.5-x/2)/Ag(x)/Cu(2.5-x/2) /NiFe(3)/Cu(2.5-x/2)/Ag(x)/Cu(2.5-x/2)]^o

5 of the multilayer type shown in Figure 22 was fabricated in the same manner as that described in Example
18. Ag was evaporated by use of the Knudsen cell as in the case of Cu. The Knudsen cell is suitable for

forming thin films as in this case with high accuracy. The MR curves of the magnetoresistance effect device

B9 when x is 0, 0.1. 0.2. and 0.4 nm are shown In Figures 28A to 28D, respectively. It is observed from

Figures 28A to 28D that, when the thickness of the Ag film Is 0.1 nm and 0.2 nm, the MR curve sharply

10 rises near the zero field for the measurement in the [01 1] direction. When the thickness of the Ag film Is 0.4

nm or more, the crystallinity is deteriorated, decreasing the MR ratio and losing direction with significant

characteristics. The maximum MR curve, MR/AH = 1 ,3%/Oe was obtained by setting x at 0.2 and the

thickness of the underlayer at 5 nm.

Magnetoresistance effect devices of a so-called sandwich type of:

75 C9: Si(l00)/Cu(5)/NiFe(1O)/Cu(5)/Co(10)

D9: SI(100)/Cu(5)/NiFe(10)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co(10)

had MR ratios of 3.5% and 4.3%, respectively, which was significantly greater than that of a comparative
example using a glass substrate:

Comparative example: glass/Cr(5)/NIFe(10)/Cu(5)/Co( 10)

20 of which MR ratio was 1.5%.

The MR ratio can also be increased by forming a Co film between the soft magnetic film and the non-
magnetic metal film. A magnetoresistance effect device with this structure;

C9' : Si( 1 00)/Cu(5)/Ni Fe( 1 0-t)/Co(t)/Cu(5)/Co(1 0)

had a MR ratio of 4.0%, 5.0%, 4.5%, and 3.5% when t was 0.2, 0.5. 1.0, and 2.0 nm, respectively. The
25 thickness of the interposed Co film is preferably in the range of 0.1 nm to 1.0 nm. This Interposition of Co

between the soft magnetic film and the non-magnetic metal film is also effective for a multilayer structure.

The MR ratio can be further increased by using NiFeCo for the soft magnetic film, instead of Nio.8Feo.2

used in the above example. For example, when the NIFe film of the device C9 was replaced with an
Nio.7Coo.iFeo.2 film, the MR ratio increased by approximately 1% to obtain 4.5%.

30 Memory devices were fabricated by forming an SIO2 insulating film and an Au/Cr film as a conductor on
the above sandwich type devices by sputtering. The operation of the resultant memory devices was tested
in the following manner: As shown in Figure 6A, a strong current was applied to the conductor 5 to

magnetize the hard magnetic film 1'{101) in one direction. As shown in Figure 6B, a weak current was
applied to the conductor 5 to align the soft magnetic film 103 in one direction. Then, as shown in Figure 6C,

35 the weak current flowing in the conductor 5 was inverted, and. at this point, a change in the resistance at

the magnetoresistive device portion was measured. As a result, it was confirmed that the change in the
resistance was definitely + (increase) or -(decrease) depending on the magnetization direction recorded on
the hard magnetic film 101 as shown in Rgure 6D. This change in the resistance was double the
comparative example for the device C9 and triple for the device D9. In the case where a memory device

40 was fabricated by using a Coo.sFecs filnn instead of Co film of D9 in the same manner for D9. the change in

the resistance of this device was 4 times the comparative example.
The memory devices having the sandwich type structure of [the hard magnetic film/the non-magnetic

metal film/the soft magnetic film] as shown In Figure 4 were described. The present invention is also
effective for a multilayer type memory device as shown in Figure 25 and memory devices having the

45 multilayer structures shown in Figures 21 to 24. However, the square feature is very important when the
magnetoresistance effect device is used for the memory device. Accordingly, a sandwich type device as
shown in Figure 4 which has a non-magnetic metal film composed of Cu/Ag/Cu is desirable.

In Figures 4 and 6A to 6D, the memory device includes only one conductor 5. The present invention is

also effective as a memory device having two conductors. For example, such conductors may be arranged
50 in a matrix, and the write operation is performed at each intersection of the conductors by use of a

synthesized magnetic field generated by currents flowing the intersecting two conductors.
The same devices were applied to an amplifier, and the operation as the amplifier was tested. As shown

in Figure 8A, a strong current was applied to the conductor 5 to magnetize the hard magnetic film 1'(101) in
one direction. As shown in Figure 8B, an input AC voltage was applied to the conductor 5, and a change in

55 the output voltage which may be caused by a change in the resistance at the conductor was measured. As
a result. It was confirmed that the input voltage had been amplified as shown in Figure 8C. The magnitude
of the output voltage was double that of the comparative example for the device C9 and triple for the device
D9. The devices C9 and D9 were also advantageous in that the noise was low compared with the
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comparative example.

A magnetic head was fabricated by forming an Si02 insulating film and a Coo.82Nbo.12Zro.06 yoke film on

the device C9 by sputtering. The output of the resultant magnetic head of the present invention was double

that of a conventional magnetic head using NIFe recorded in the same manner as the above.

(Example 20)

Magnetoresistance effect devices of the type shown in Figure 23:

E9: Si(100)/Cu{5)/NiFe(3)/Cu(0.5)/NiFe(3)/Cu(0.5) /NiFe(3)/Cu(5)/Co(10)

F9: Si(100)/Cu(5)/NiFe{3)/Cu(0.5)/NIFe(3)/Cu(0.5) /NiFe(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co(10)

were fabricated in the manner described in Examples 18 and 19. The MR ratio of the devices E9 and F9

were 5.6%, which was greater than those of the devices C9 and D9.

(Example 21)

Magnetoresistance effect devices of the type shown in Figure 24:

G9: Si(100)/Cu(5)/[Co(3)/Cu(1.5)/Co(3)/Cu(6)/NiFe(3) /Cu(1 .5)/NiFe(3)/Cu(6)p

H9: Si(100)/Cu(5)/[Co(3)/Cu(1.5)/Co(3)/Cu(2.4)/Ag(0.2) /Cu(2.4)/NiFe(3)/Cu(l .5)NiFe(3)Cu(6)p

were fabricated in the manner described in Examples 18 to 20. The MR ratios of the devices G9 and H9

were 10% and 12% at 10 Oe, respectively.

(Example 22)

Magnetoresistance effect devices using a glass substrate:

19: glass/Cr(5)/[CoPt{3)/Cu(5)/CoNiFe(3)/Cu(1.5) /CoNiF 3)/Cu(5)p

J9: glass/Cr(5)/[CoPt(1 .5)/Cu(0.5)/CoPt{1 .5) /Cu(5)/Cor 43)/Cu(1 .5)/CoNiFe(3)/Cu(5)p

Comparative example: glass/Cr(5)/[CoPt(3)/Cu(5) /CoNiFe(6)/Cu(5)p

were fabricated in the manner described in Examples 18 to 21. The CoPt film, of which atomic composition

was Coo.gPto.i, was obtained by evaporating Co and Pt from separate evaporation sources. The CoNIFe film,

whose atomic composition was CoosNio.aFeo.z was evaporated by use of an alloy evaporation source. The

MR ratios of the devices 19 and J9 were 6.7%. while that of the comparative example was 4%.

(Example 23)

Magnetoresistance effect devices using a glass substrate:

K9: gtass/[CoPt(3)/Cu(2.4)/Ag(0.2)/Cu(2.4) /NiFeCo(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)]2

L9: glass/[CoPt(3)/Cu(2.4)/Au(0.2)/Cu(2.4) /NiFeCo(3)/Cu(2.4)/Au(0.2)/Cu(2.4)]2

Comparative example: glass/[CoPt(3)/Cu(5)/CoNiFe(3) /Cu(5)P

were fabricated In the manner described in Examples 18 to 22. A Coo.sPto.a film and an Coo.eNio.aFeo.i film

were used for the hard magnetic film and the soft magnetic film, respectively. The MR ratios of these

devices were measured in the manner described in Example 18. As a result, the maximum slopes of the

MR curves of the devices K9 and L9 were 0.7%/Oe and 0.6%/Oe, respectively, while that of the comparative

example was 0.4%/Oe, exhibiting a sharp rise near the zero field of the MR curves of the devices K9 and

L9.

By using these magnetoresistance effect devices, it is possible to obtain a magnetic head, a magnetic

memory, and an amplifier, as described in the previous examples.

The magnetoresistance effect device of the present invention provides a large magnetoreslstive change

under a low magnetic field. Moreover, the magnetoresistance effect device exhibits a large magnetoresist-

ance effect and a small magnetostriction at room temperature.

Accordingly, by applying the magnetoresistance effect device of the present invention to a magnetic

head, a magnetic memory, and an amplifier, a magnetic head with high sensitivity and high output, a

magnetic memory with high reliability and easy write operation, and an amplifier with high output and high

reliability may be realized. In addition, by reducing the saturation magnetic field Hs, it becomes possible to

provide a memory device allowing for recording and reproducing.

Various other modifications will be apparent to and can be readily made by those skilled in the art

without departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of

the claims appended hereto be limited to the description as set forth herein, but rather that the claims be

broadly construed.
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Claims

1. A magnetoresistance effect device comprising:

a substrate; and

5 a multilayer structure formed on the substrate, the multilayer structure including a hard magnetic

film, a soft magnetic film, and a non-magnetic metal film for separating the hard magnetic film from the

soft magnetic film,

wherein a magnetization curve of the hard magnetic film has a good square feature, and a direction

of a magnetization easy axis of the hard magnetic film substantially agrees to a direction of a magnetic

10 field to be detected.

2. A magnetoresistance effect device according to claim 1, wherein the multilayer structure has a structure

in which the hard magnetic film, the soft magnetic film, and the non-magnetic metal film are stacked a

plurality of times.

3. A magnetoresistance effect device according to claim l . wherein a further magnetic film is inserted on

both faces or on one face of the hard magnetic film, a thickness of the magnetic film is in the range of

0.1 to 2 nm, and the magnetic film includes at least one element selected from Co. Ni, and Fe as a

main component
20

4. A magnetoresistance effect device according to claim 3, wherein the multilayer structure has a structure

in which the hard magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted

magnetic film are stacked a plurality of times.

25 5. A magnetoresistance effect device according to claim 1 , wherein a further magnetic film is inserted at.

at least one of interfaces between the hard magnetic film and the non-magnetic metal film and between

the soft magnetic film and the non-magnetic metal film, a thickness of the magnetic film is in the range

of 0.1 to 1 nm. and the magnetic film includes Co as a main component.

30 6. A magnetoresistance effect device according to claim 5. wherein the multilayer structure has a structure

in which the hard magnetic film, the soft magnetic film, the non-magnetic metal film, and the inserted

magnetic film are stacked a plurality of times.

7. A magnetoresistance effect device according to claim 1, wherein the soft magnetic film includes

35 NixCoyFez as a main component, and in an atomic composition ratio, X is in the range of 0.6 to 0.9, Y
is in the range of 0 to 0.4, and Z is in the range of 0 to 0.3.

8. A magnetoresistance effect device according to claim 1, wherein the soft magnetic film includes

Nix CovFez- as a main component, and in an atomic composition ratio, X* is in the range of 0 to 0.4. Y'

40 is in the range of 0.2 to 0.95. and Z' is in the range of 0 to 0.5.

9. A magnetoresistance effect device according to claim 1, wherein the soft magnetic film is an
amorphous magnetic film.

45 10. A magnetoresistance effect device according to claim 1. wherein the non-magnetic metal film is made
of a material selected from Cu, Ag, and Au.

11. A magnetoresistance effect device according to claim 1, wherein the non-magnetic metal film is made
of Cu.

50

12. A magnetoresistance effect device according to claim 1, wherein the non-magnetic metal film has a
thickness in the range of 1 nm to 10 nm.

13. A magnetoresistance effect device according to claim 1, wherein the hard magnetic film includes Co
55 and M as main components, M representing Pt or two or more kinds of elements selected from a group

consisting of Pt, Cr, and Ta.

33

BNS0OC1D:<EP 0681338A1J >



EP 0 681 338 A1

25

14. A magnetoresistance effect device according to claim 1. wherein the hard magnetic film is made of a

material of CoPt.

15. A magnetoresistance effect device according to claim 1. wherein the soft magnetic film includes

5 NixFe, X or (NixCo,-x)xFe,_x' as a main component, the hard magnetic film includes CoyF6i-y as a

main component, and in an atomic composition ratio, X is in the range of 0.6 to 1.0, X' is in the range

of 0.7 to 1 .0, and Y is in the range of 0.3 to 0.7.

16. A magnetoresistance eHect device according to claim 15, wherein the non-magnetic metal film is made

10 of a material selected from Cu, Ag, and Au.

17. A magnetoresistance effect device according to claim 1. wherein the soft magnetic film includes

NixFe,-x or (NixCo,-x)xFe,-x- as a main component, the hard magnetic film includes (CozFe,-z)zV,-z

as a main component, and in an atomic composition ratio, X is in the range of 0.6 to i.O, X" is in the

range of 0.7 to 1 .0, Z is in the range of 0.3 to 0.7, and Z' is in the range of 0.9 to 0.98.

18. A magnetoresistance effect device according to claim 17, wherein the non-magnetic metal film is made

of a material selected from Cu, Ag, and Au.

19 A magnetoresistance effect device according to claim 1, wherein, In the multilayer structure formed on

the substrate, the hard magnetic film is mainly made of Co. CoPI, or CoFe, the soft magnetic film

mainly made of NiFe or NiFeCo, and the non-magnetic metal film is mainly made of Cu and has a

thickness of 2 to 10 nm, the multilayer structure is formed epitaxially on the substrate such that a [100]

direction of each film composing the multilayer structure is in a direction vertical to a film plane of the

each film, and a magnetic field direction to be detected is substantially a [Oil] direction of the non-

magnetic metal film.

20 A magnetoresistance effect device according to claim 19. wherein the substrate is an Si (100) single

crystalline substrate, the multilayer structure is formed on the substrate via a underlayer mainly made

30 of Cu.

21. A magnetoresistance effect device according to claim 1. wherein in the multilayer structure fornied on

the substrate, the hard magnetic film is mainly made of Co. CoPt, or CoFe, the soft magnetic film

mainly is made of NiFe or NiFeCo, and the non-magnetic metal film includes a first non-magnetic metal

film mainly made of Cu having a thickness of 2 to 10 nm and a second non-magnetic metal .Irn mainly

made of Ag or Au having a thickness of 0.1 to 0.4 nm inserted in the first non-magnetic metal film.

A magnetoresistance effect device according to claim 21. wherein the multilayer structure is forme^^

epita,Jally on the substrate such that a [100] direction of each film composing the multilayer Jmcture s

in a direction vertical to a film plane of the each film, and a magnetic field direction to be detected is

substantially a [01 1] direction of the non-magnetic metal film.

23. A magnetoresistance effect device according to claim 22. wherein the substrate is an Si (^00) single

crystalline substrate, the multilayer structure is formed on the substrate via a underlayer mainly made

45 Of Cu.

24. A magnetoresistance effect device according to claim 1, wherein the soft magnetic film

'^^/^^^^^J^^^^^
of NiFe or NiFeCo at least two consecutive soft magnetic films each having a thickness in the range ot

1 to 10 nm are stacked with a non-magnetic metal film interposed therebetween,

wherein the hard magnetic film is mainly made of Co. CoPt. or CoFe. the

the consecutive soft magnetic films are stacked with the non-magnetic metal film interposed there-

between.

25. A magnetoresistance effect device accordir^g to claim 24. wherein the non-magnetic metal film is

55 mainly made of Cu.

26. A magnetoresistance effect device according to claim 24. wherein the non-magnetic
"^fj^'

the consecutive soft magnetic films is composed of a single film ma.nly made of Cu. the non-magnet.c

34
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metal film between the consecutive soft magnetic films and the hard magnetic filnn Is composed of a

film mainly made of Cu with an Ag or Au film inserted therein.

27. A magnetoresistance effect device according to claim 24, wherein the multilayer structure is formed

epitaxially on the substrate such that a [100] direction of each film composing the multilayer structure is

in a direction vertical to a film plane of the each film, and a magnetic field direction to be detected is

substantially a [Oil] direction of the non-magnetic metal film.

28. A magnetoresistance effect device according to claim 1 , wherein the soft magnetic film is mainly made

of NiFe or NiFeCo, at least two soft magnetic films each having a thickness in the range of 1 to 10 nm

are consecutively stacked with the non-magnetic metal film interposed therebetween,

wherein the hard magnetic film is mainly made of Co, CoPt, or CoFe, at least two hard magnetic

films each having a thickness in the range of 1 to 10 nm are consecutively stacked with the non-

magnetic metal film interposed therebetween,

wherein the consecutive soft magnetic films and the consecutive hard magnetic films are alter-

natively stacked with the non-magnetic metal film interposed therebetween, and a thickness of the non-

magnetic metal film between the soft magnetic film and the hard magnetic film is larger than a

thickness of the non-magnetic metal film between the consecutive soft magnetic films or the consecu-

tive hard magnetic films.

29. A magnetoresistance effect device according to claim 28. wherein the non-magnetic metal film is

mainly made of Cu.

30. A magnetoresistance effect device according to claim 28, wherein the non-magnetic metal film between

25 the consecutive soft magnetic films and the non-magnetic metal film t^etween the consecutive hard

magnetic films is a single film mainly made of Cu, the non-magnetic metal film between the

consecutive soft magnetic film and the hard magnetic film is composed of a film mainly made of Cu

with an Ag or Au film Inserted therein.

30 31. A magnetoresistance effect device according to claim 28. wherein the multilayer structure is formed

epitaxially on the substrate such that a [100] direction of each film composing the multilayer structure is

in a direction vertical to a film plane of the each film, and a magnetic field direction to be detected is

substantially a [Oil] direction of the non-magnetic metal film.

35 32. A magnetoresistance effect device according to claim 1 , wherein a square ratio of the hard magnetic

film is 0.7 or more.

33. A magnetoresistance effect device according to claim 1, wherein a direction of a current flowing

through the multilayer structure is substantially perpendicular to a film surface of the multilayer

40 structure.

34. A magnetoresistance effect type head comprising:

a substrate:

a multilayer structure formed on the substrate, the multilayer structure including a hard magnetic

film, a soft magnetic film, and a non-magnetic metal film for separating the hard magnetic film from the

soft magnetic film; and

a yoke for guiding a signal magnetic field from a magnetic medium to the soft magnetic film,

wherein a magnetization curve of the hard magnetic film has a good square feature, and a direction

of a magnetization easy axis of the hard magnetic film substantially agrees to a direction of the signal

magnetic field guided by the yoke.

35. A magnetoresistance effect type head according to claim 34, wherein the multilayer structure has a

structure in which the hard magnetic film, the soft magnetic film, and the non^magnetic metal film are

stacked a plurality of times.

55

36. A magnetoresistance effect type head according to claim 34. wherein a further magnetic film is inserted

at, at least one of interfaces between the hard magnetic film and the non-magnetic metal film and

between the soft magnetic film and the non-magnetic metal film, a thickness of the magnetic film is in

35
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the range of 0.1 to 1 nm, and the magnetic filnn includes at least one elennent selected from Co, Ni, and

Fe as a main component.

37. A magnetoresistance effect type head according to claim 36, wherein the multilayer structure has a

5 structure in which the hard magnetic film, the soft magnetic film, the non-magnetic metal film, and the

inserted magnetic film are stacked a plurality of times.

38. A magnetoresistance effect type head according to claim 34, wherein a further magnetic film is inserted

on both faces or on one face of the hard magnetic film, a thickness of the magnetic film is in the range

10 of 0.1 to 1 nm, and the magnetic film includes Co as a main component.

39. A magnetoresistance effect type head according to claim 38, wherein the multilayer structure has a

structure in which the hard magnetic film, the soft magnetic film, the non-magnetic metal film, and the

inserted magnetic film are stacked a plurality of times.

15

40. A magnetoresistance effect type head according to claim 34, wherein the soft magnetic film includes

NixCoyFez as a main component, and in an atomic composition ratio, X is in the range of 0,6 to 0.9, Y

is in the range of 0 to 0.4, and Z is in the range of 0 to 0.3.

20 41. A magnetoresistance effect type head according to claim 34, wherein the soft magnetic film includes

Nix Cov Fer as a main component, and in an atomic composition ratio, X' is in the range of 0 to 0.4, Y'

is in the range of 0.2 to 0.95, and Z' is in the range of 0 to 0.5.

42. A magnetoresistance effect type head according to claim 34, wherein the soft magnetic film is an

25 amorphous magnetic film.

43. A magnetoresistance effect type head according to claim 34, wherein the non-magnetic metal film is

made of a material selected from Cu, Ag, and Au.

30 44. A magnetoresistance effect type head according to claim 34, wherein the non-magnetic metal film Is

made of Cu.

45. A magnetoresistance effect type head according to claim 34, wherein the non-magnetic metal film has

a thickness in the range of 1 nm to 10 nm.

35

40

46. A magnetoresistance effect type head according to claim 34. wherein the hard magnetic film includes

Co and as main components. M representing Pt or two or more kinds of elements selected from a

group consisting of Pt, Cr. and Ta.

47. A magnetoresistance effect type head according to claim 34. wherein the hard magnetic film is made of

a material of CoPt.

48. A magnetoresistance effect type head according to claim 34, wherein the soft magnetic film includes

NixFei-x or {NixCoi-x)xFei-x as a main component, the hard magnetic film includes CovFewv as a

45 main component, and in an atomic composition ratio, X is in the range of 0.6 to 1.0, X' is in the range

of 0.7 to 1.0. and Y is in the range of 0.3 to 0.7.

49. A magnetoresistance effect type head according to claim 48. wherein the non-magnetic metal film is

made of a material selected from Cu, Ag, and Au.

50

55

50. A magnetoresistance effect type head according to claim 34, wherein the soft magnetic film includes

NixFei X or (NixCo,-x)x Fei-x- as a main component, the hard magnetic film includes (CozFe,-z)z Vi-.z-

a main component, and in an atomic composition ratio, X is in the range of 0.6 to 1.0. X' is in the range

of 0.7 to 1.0, Z is in the range of 0.3 to 0.7. and T is in the range of 0.9 to 0.98.

51. A magnetoresistance effect type head according to cla.m 50. wherein the non-magnetic metal film is

made of a material selected from Cu. Ag, and Au.
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52. A magentoresistive effect type head according to claim 34, wherein, the hard magnetic film is mainly

made of Co. CoPt. or CoFe, the soft magnetic film mainly made of NiFe or NiFeCo. and the non-

magnetic metal film is mainly made of Cu and has a thickness of 2 to 10 nm, each of the films is

formed epitaxially on a substrate such that a [100] direction of the each film is in a direction vertical to

5 a film plane of the each film, and a direction of the signal magnetic field is substantially a [Oil]

direction of the non-magnetic metal film.

53. A magnetoresistance effect type head according to claim 34, wherein a square ratio of the hard

magnetic film is 0.7 or more.

70

54. A magnetoresistance effect type head according to claim 34, wherein a direction of a current flowing

through the multilayer structure is substantially perpendicular to a film surface of the multilayer

structure.

15 55. A nonvolatile memory device comprising:

a magnetoresistive change portion including a first magnetic film, a second magnetic film, and a

non-magnetic metal film for separating the first magnetic film from the second magnetic film; and

conductive lines for allowing a first current for recording information and a second current for

reading-out information to produce therethrough, magnetic fields which are respectively produced by

20 the first current and the second current affecting the magnetoresistive change portion,

wherein a magnetization curve of the first magnetic film has a good square feature, the first

magnetic film having a coercive force capable of inverting a magnetization of the first magnetic film by

the magnetic field produced by the first current but incapable of inverting the magnetization of the first

magnetic film by the magnetic field produced by the second current, the second magnetic film having a

25 coercive force capable of inverting a magnetization of the second magnetic film by the magnetic field

produced by the second current, whereby information recorded on the memory device is nondestruc-

tively read out.

56. A memory device according to claim 55, wherein the magnetoresistive change portion has a structure

30 in which the first magnetic film, the second magnetic film, and the non-magnetic metal film are stacked

a plurality of times.

57. A memory device according to claim 55, wherein a further magnetic film is inserted on both faces or on

one face of the first magnetic film, a thickness of the magnetic film is in the range of 0.1 to 2 nm, and

35 the magnetic film includes at least one element selected from Co, Ni. and Fe as a main component.

58. A memory device according to claim 57, wherein the magnetoresistive change portion has a structure

in which the first magnetic film, the second magnetic film, the non-magnetic metal film, and the inserted

magnetic film are stacked a plurality of times.

40

59. A memory device according to claim 55, wherein a further magnetic film is inserted at. at least one of

interfaces between the first magnetic film and the non-magnetic metal film and between the second

magnetic film and the non-magnetic metal film, a thickness of the magnetic film is in the range of 0.1 to

1 nm, and the magnetic film includes Co as a main component.

45

60. A memory device according to claim 59, wherein the magnetoresistive change portion has a structure

in which the first magnetic film, the second magnetic film, the non-magnetic metal film, and the inserted

magnetic film are stacked a plurality of times.

50 61. A memory device according to claim 56, wherein the magnetoresistive change portion includes a

plurality of first magnetic films, the plurality of first magnetic films having respective coercive forces

which are different from each other.

62. A memory device according to claim 55, wherein a magnetization easy axis of the first magnetic film

55 substantially agrees to directions of the magnetic fields produced by the first current and the second
current flowing through the conductor lines.
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63. A memory device according to claim 55, wherein the second magnetic film includes NixCovFez as a

main component, and in an atomic composition ratio, X is in the range of 0.6 to 0.9, Y is in the range of

0 to 0.4. and Z is in the range of 0 to 0.3.

64. A memory device according, to claim 55, wherein the second magnetic film includes NixCorFez- as a

main component, and in an atomic composition ratio, X' is in the range of 0 to 0.4, Y' is in the range of

0.2 to 0.95, and Z' is in the range of 0 to 0.5.

65. A memory device according to claim 55, wherein the second magnetic film is an amorphous magnetic

film.

66. A memory device according to claim 55, wherein the non-magnetic metal film is made of a material

selected from Cu, Ag, and Au.

;5 67. A memory device according to claim 55, wherein the non-magnetic metal film is made of Cu.

68. A memory device according to claim 55, wherein the non-magnetic metal film has a thickness in the

range of 1 nm to 10 nm.

20 69. A memory device according to claim 55, wherein the first magnetic film includes Co and M as main

components, fv/l representing Pt or two or more kinds of elements selected from a group consisting of

Pt, Cr, and Ta.

70. A memory device according to claim 55. wherein the first magnetic film is a semi-hard magnetic film.

25

71. A memory device according to claim 55, wherein the second magnetic film includes NixFei-x or

(NixCoi-x)xFei-x- as a main component, the first magnetic film includes CovFei-Y as a main

component, and in an atomic composition ratio. X is in the range of 0.6 to 1.0, X* is in the range of 0.7

to 1 .0, and Y is in the range of 0.3 to 0.7.

30

72. A memory device according to claim 71, wherein the non-magnetic metal film is made of a material

selected from Cu, Ag. and Au.

73. A memory device according to claim 55, wherein the second magnetic film includes NixFei-x or

36 (NixCoi-x)xFei-x- as a main component, the first magnetic film includes (Co2Fe^-z)z*Vi-z as a main

component, and in an atomic composition ratio. X is in the range of 0.6 to 1.0. X' is in the range of 0.7

to 1 .0. Z IS in the range of 0.3 to 0.7. and Z' is in the range of 0.9 to 0.98.

74. A memory device according to claim 73. wherein the non-magnetic metal film is made of a material

40 selected from Cu, Ag. and Au.

75 A memory device according to claim 55, wherein, the first magnetic film is mainly made of Co. CoPt, or

CoFe the second magnetic film mainly made of NiFe or NiFeCo, and the non-magnetic metal film «s

mainly made of Cu and has a thickness of 2 to 10 nm. each of the films is formed epitaxially on a

substrate such that a [100] direction of the each film is in a direction vertical to a film plane of the each

film, and a direction of the magnetic field produced by the first current is substantially a [Oil] direction

of the non-magnetic metal film.

76. A memory device according to claim 55, wherein a square ratio of the first magnetic film is 0.7 or more.

45

50

77. An amplifying device comprising:

a magnetoresistive change portion including a first magnetic film, a second magnetic film, and a

non-magnetic metal film for separating the first magnetic film from the second magnetic film; and

conductive lines for allowing a signal current to flow therethrough, a magnetic field which is

55 produced by the signal current affecting the magnetoresistive change portion,

wherein a magnetization curve of the first magnetic film has a good square feature, the first

magnetic film having a coercive force incapable of inverting a magnetization of the first magnetic film

by the magnetic field produced by the signal current, the second magnetic film having a coercive force

38
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capable of inverting a magnetization of the second magnetic film by the magnetic field produced by the

signal current.

7a An amplifying device according to claim 77, wherein the magnetoresistive change portion has a

5 structure in which the first magnetic film, the second magnetic film, and the non-magnetic metal film

are stacked a plurality of times.

79. An amplifying device according to claim 77, wherein a further magnetic film is inserted on both faces or

on one face of the first magnetic film, a thickness of the magnetic film is in the range of 0.1 to 2 nm,

10 and the magnetic film includes at least one element selected from Co, Ni. and Fe as a main

component.

80. An amplifying device according to claim 79, wherein the magnetoresistive change portion has a

structure in which the first magnetic film, the second magnetic film, the non-magnetic metal film, and
75 the inserted magnetic film are stacked a plurality of times.

81. An amplifying device according to claim 77, wherein a further magnetic film is inserted at, at least one
of interfaces between the first magnetic film and the non-magnetic metal film and between the second
magnetic film and the non-magnetic metal film, a thickness of the magnetic film is in the range of O.l to

20 1 nm, and the magnetic film includes Co as a main component.

82. An amplifying device according to claim 81, wherein the magnetoresistive change portion has a
structure in which the first magnetic film, the second magnetic film, the non-magnetic metal film, and
the inserted magnetic film are stacked a plurality of times.

25

83. An amplifying device according to claim 77, wherein the second magnetic film includes NixCoyFoz as a
main component, and in an atomic composition ratio, X is in the range of 0.6 to 0.9, Y is in the range of

0 to 0.4, and 2 is in the range of 0 to 0.3.

30 84. An amplifying device according to claim 77, wherein the second magnetic film includes Nix-CoyFez- as
a main component, and in an atomic composition ratio, X' is in the range of 0 to 0.4, Y' is in the range
of 0.2 to 0.95, and Z' is in the range of 0 to 0.5.

85. An amplifying device according to claim 77. wherein the second magnetic film is an amorphous
35 magnetic film.

86. An amplifying device according to claim 77. wherein the non-magnetic metal film is made of a material

selected from Cu, Ag, and Au.

40 87. An amplifying device according to claim 77. wherein the non-magnetic metal film is made of Cu.

88 An amplifying device according to claim 77, wherein the non-magnetic metal film has a thickness in the
range of 1 nm to 10 nm.

45 89. An amplifying device according to claim 77. wherein the first magnetic film is a hard magnetic film.

90. An amplifying device according to claim 77, wherein the first magnetic film includes Co and M as main
components, M representing Pt or two or more kinds of elements selected from a group consisting of
Pt. Cr. and Ta.

50

91. An amplifying device according to claim 77, wherein the second magnetic film includes NixFoi-x or
(NixCoi-x)xFei-x as a main component, the first magnetic film includes CoyFoi-y as a main
component, and in an atomic composition ratio, X is in the range of 0.6 to 1 .0, X' is in the range of 0.7
to 1 .0, and Y is in the range of 0.3 to 0.7.

55

92. An amplifying device according to claim 91. wherein the non-magnetic metal film is made of a material

selected from Cu, Ag, and Au.

39
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An amplifying device according to clain. 77, wherein the second magnet c f.lm .ncudes N.xFe,-x

(NixCo, x)xFe,-x' as a main component, the first magnetic f.lm mcludes (CozFe, zjz-Vj-r as a main

coSnem. and In an atomic composition ratio, X is in the range of 0.6 to 1.0. X" .s ,n the range of 0.7

to 1 .0. Z is in the range of 0.3 to 0.7, and Z' is in the range of 0.9 to 0.98.

An amplifying device according to claim 93, wherein the non-magnetic metal film is made of a material

selected from Cu, Ag, and Au.

An amplifying device according to claim 77, wherein the first magnetic film is mainly made of Co CoPt,

or CoFe the second magnetic film is mainly made of NiFe or NiFeCo, and the non-magnetic metal f.lm

ZS madTof Cu and has a thickness of 2 to 10 nm, each of the films is formed ep.tax,a y on a

subiate such that a [100] direction of the each film is in a direction vertical to a P °'

film, and a direction of the magnetic field produced by the signal current .s substantially a [Oil]

direction of the non-magnetic metal film.

96. An amplifying device according to claim 77. wherein a square ratio of the first magnetic film is 0.7 or

93.

94.

95.

more.
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FIG. 1A
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FIG. 2A
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FIG. 6A InformGllon recording by current
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FIG, 8A Initialization
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FIG.9A s=i
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FIG, 11 AR/R(%)
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FIG. 20A Input signal (50mV)
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FIG. 23
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FIG, 25
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Fig. 26
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FIG, 27A
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